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ABSTRACT 

Oroville  quadrangle  is  in  Butfe  County,  in  central  northern  California,  and  lies 
athwart  the  border  between  the  Sierra   Nevada  and  the  Sacramento  Valley. 

The  stratified  rocks  of  the  area  may  be  grouped  into  the  steeply  dipping  "Bedrock 
series"  and  the  younger,  nearly  flat-lying  "Superjacent  series".  The  two  sequences  are 
separated  by  a  profound  angular  unconformity.  The  metamorphism,  steep  dips,  tight 
folds,  and  thrust  faults  of  the  "Bedrock  series"  stand  in  marked  contrast  to  the  low  dips 
and  undeformed  condition  of  the  "Superjacent  series".  Some  of  the  bedrock  was  prob- 
ably folded  at  the  end  of  the  Paleozoic,  but  the  dominant  structural  features  of  the 
bedrock  terrane  were  formed  or  greatly  accentuated  during  the  Nevadan  revolution 
in  the  Late  Jurassic.  Mild  uplift,  without  deformation,  has  occurred  sporadically  until 
rather  recent  times. 

Outcrops  of  the  "Bedrock  series"  are  restricted  to  the  eastern  quarter  of  the  area. 
The  oldest  (?)  formation  is  unnamed  and  consists  of  schistose  to  massive,  low-grade 
metavolcanic  rocks  of  basic  to  intermediate  composition  which  are  probably  of  late 
Paleozoic  age.  This  unit  is  overlain  by  the  Upper  Paleozoic  Calaveras  Formation,  which 
includes  black  slate,  low-grade  metavolcanic  rocks,  sheared  graywacke  and  conglom- 
erate, together  with  bedded  chert  and  minor  limestone.  Stratigraphically  above  the 
Calaveras  Formation  are  the  slightly  metamorphosed  volcanics  and  volcanic  sediments 
of  the  Oregon  City  Formation,  probably  Middle  Jurassic  in  age.  The  Monte  de  Oro 
Formation  of  Middle  Jurassic  age  overlies  the  Oregon  City  Formation.  It  includes  thin- 
bedded  graywacke,  sheared  siltstone,  conglomerate,  volcanic  sandstone,  and  slate.  In- 
trusive masses  of  serpentine,  metagabbro,  basalt  porphyry,  monzonite,  and  various 
other  rocks  are  largely  restricted  in  their  occurrence  to  the  Paleozoic  terrane.* 

The  oldest  rocks  of  the  "Superjacent  series"  are  in  the  Upper  Cretaceous  Chico 
Formation,  consisting  of  fossiliferous  marine  sandstone  with  conglomerate  and  shale. 
Equivalent  to,  or  younger  than,  the  Cretaceous  sediments  is  the  "greenstone  gravel", 
which  fills  the  deepest  part  of  an  exhumed  stream  channel.  Above  the  Chico  Formation 
are  marine  shale  and  sandstone  of  the  "Dry  Creek"  Formation  (middle  Eocene).  Middle 
Eocene  deltaic  sediments  of  the  lone  Formation  and  contemporaneous  stream  channel 
and  flood  plain  deposits  of  the  "auriferous  gravels"  overlie  the  "Dry  Creek"  Formation 
and  "greenstone  gravel",  respectively.  Tertiary  volcanism  is  represented  by  the  Mehrten 
(?)  andesitic  rocks  and  by  the  "older  basalt"  (upper  Miocene  to  lower  Pliocene?).  The 
New  Era  Formation,  probably  of  Pliocene  age,  includes  conglomerate,  sandstone, 
and  siltstone  which  fill  ancient  stream  channels.  The  Tuscan  Formation  (upper  Pliocene) 
consists  of  basaltic  and  andesitic  tuff-breccia,  tuff,  volcanic  sandstone,  conglomerate, 
siltstone,  and  claystone,  and  includes  the  Nomlaki  Tuff  Member  at  its  base.  The  coarse 
fluviatile  sediments  of  the  Red  Bluff  Formation  were  deposited  during  the  Pleistocene  by 
the  ancestral  Feather  River.* 


"  Recent  in^onnation  on  the  ages  of  these  jonnations  suggests  that  the  Oregon  City  is  Upper 
Jurassic;  the  Monte  de  Oro,  Upper  Jurassic;  the  Mehrten  (?),  lower  Miocene;  the  "older 
basalt",  lower  Miocene;  and  the  New  Era,  Pliocene  {?).  Dr.  Creely  has  provided  foot- 
notes regarding  these  new  age  assiginnents  on  the  pages  on  which  the  units  arc  dis- 
cussed. .  .  .  Edit. 
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Figure    1.      Index    map    of    part    of    northern    California,    showing    location    of    Orovjiie    quadrangle    and 
adjoining  mapped  areas.  H,  fHietanen,  1951;  C,  Compton,  1955. 
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GEOLOGY   OF   THE   OROVILLE   QUADRANGLE,   CALIFORNIA 

By  ROBERT   SCOTT  CREELY 


INTRODUCTION 

The  Oroxillc  iiiuuiranglc  encloses  approxinuUcly  240 
square  miles  near  the  center  of  Butte  County,  in  cen- 
tral northern  California.  The  area  is  situated  about 
niich\a\'  hctw  cen  Sacramento  on  the  south  and  Red- 
ding on  the  north.  Oroxiilc  (pop.  6,100),  the  count\- 
scat,  lies  near  the  southeast  corner  of  tiie  quadrangle 
on  the  southeast  bank  of  the  Feather  River.  The  only 
other  sizeable  communit\-  is  Paradise,  at  the  north 
border  of  the  area. 

The  United  States  Geological  Surve>'  topographic 
maps  used  as  base  maps,  all  with  a  scale  of  1:24,000, 
were  the  Oroville  (edition  of  1949),  Cherokee  (edition 
of  1949),  Hamlin  CanNon  (edition  of  1951)  and 
Shippee  (edition  of  1950)  quadrangles.  Aerial  photo- 
graphs of  part  of  the  area  were  also  used.  The  results 
were  compiled  on  the  U.S.G.S.  Oroville  topographic 
map  (edition  of  1944,  scale,  1:62,500).  Approximately 
9  months  w  ere  spent  in  the  field  during  the  summers 
of  1950,  1951,  and  1953,  and  the  spring  of  1954. 


ACKNOWLEDGMENTS 

To  my  wife,  Dorothy,  I  express  sincere  gratitude 
tor  her  constant  encouragement  and  help  during  the 
final  two  years  of  the  study.  The  writer  is  especially 
indebted  to  the  late  Professor  N.  L.  Taliaferro  for 
suggesting  the  problem,  for  accompanying  the  writer 
in  the  field  on  several  occasions,  and  for  giving  freely 
of  his  knowledge  of  geolog\'  in  general  and  of  Sierran 
geology  in  particular.  Professor  Garniss  H.  Curtis  also 
visited  the  area  and  participated  in  many  stimulating 
discussions  regarding  the  various  aspects  of  the  prob- 
lem. Professors  C.  M.  Gilbert,  Francis  J.  Turner,  and 
Howel  Williams  on  many  occasions  aided  the  writer 
in  problems  relating  to  petrology.  To  Professors  J. 
W'yatt  Durham,  Ralph  W.  Chane\',  and  R.  L.  Langen- 
heim  of  the  University  of  California,  and  to  Dr.  L.  G. 
Hertlein  of  the  California  Academy  of  Sciences,  go 
the  writer's  sincere  appreciation  for  identif\ing  fossils 
from  the  area.  Miss  Helen  E.  Baile\-,  formerly  librarian 
of  the  Department  of  Geological  Sciences,  University 
of  California,  helped  prepare  the  bibliography  and  her 
kintlncss  is  gratefull)'  acknowledged.  Members  of  the 
(California  Division  of  .Mines,  parricularl\-  Alort  D. 
Turner   and    Oliver   E.    Bowen,    aided    the   writer   in 


man\-  ways.  Drs.  Olaf  P.  Jenkins  and  Gordon  B. 
Oakeshott  accompanied  the  writer  in  the  field  and 
made  several  helpful  comments.  Mr.  T.  C.  Slater  of 
the  Calaveras  Cement  Company  kindly  provided  the 
aerial  photographs  of  the  Cherokee  hydraulic  mine  in- 
cluded herein.  Others  w  ho  helped  further  the  project 
by  furnishing  geologic  information  are  Professor  Rob- 
ert R.  Compton,  Stanford  University,  Messrs.  W.  W. 
Paulsen  and  R.  Rongey,  U.  S.  Bureau  of  Reclamation, 
Mr.  J.  R.  Jackson,  I  himblc  Oil  and  Refining  Com- 
pany, and  Mr.  E.  K.  Craig  of  Healdsburg. 

The  writer  is  grateful  to  the  many  landowners  and 
mining  men  in  the  area  without  whose  cooperation  the 
study  would  not  have  been  possible.  Particularl\'  hos- 
pitable were  the  late  Mr.  and  Mrs.  S.  J.  De  Long  of 
Cherokee,  Mr.  and  Mrs.  G.  L.  Dimmick  of  Yankee 
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Jack  and  Jim  mine  and  Mr.  J.  H.  Sharpe,  President  and 
General  Alanager  of  the  A4orris  Ravine  Mining  Com- 
pany. Mr.  Bruce  Armstrong  of  Paradise  guided  the 
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GEOGRAPHY 

Accessibility.  Most  parts  of  the  Oroville  quadran- 
gle are  easily  accessible  from  an  excellent  system  of 
roads.  The  main  transcontinental  line  of  the  West- 
ern Pacific  Railroad  passes  through  Oroville  and 
the  eastern  portion  of  the  quadrangle.  Tracks  of  the 
Sacramento  Northern  Railway  transect  the  south- 
west quarter  of  the  area,  and  a  short  branch  line  runs 
from  Oroville  Junction  as  far  east  as  Thermalito. 

Climate  and  vegetation.  The  Oroville  quadrangle  is 
characterized  by  rather  hot,  dry  summers  and  wet, 
mild  winters.  Rain  falls  intermittently,  beginning  in 
September  and  ending  in  March,  and  some  snow  falls 
at  the  higher  elevations.  Occasional  thunderstorms  oc- 
cur during  the  spring  and  summer.  Fog  often  collects 
in  the  lower  parts  of  the  area  during  the  winter. 

The  local  distribution  of  the  various  types  of  vege- 
tation in  the  area  is  controlled  to  some  extent  by  avail- 
ability of  water  and  the  type  of  soil  present,  but  the 
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Figure  2.  View  northwest  from  mouth  of  Flog 
Canyon,  showing  dissected  late  Pliocene  constructional 
plain  (distance),  which  dominates  the  topography  of 
the   northwest  quarter  of  Oroville    quadrangle. 


Figure  3.  Narrow  canyon  of  Concow  Creek  near 
junction  with  West  Branch.  View  downstream  (south- 
west). 


Figure  4.  View  northwest  from  Rocky  Peak,  show- 
ing flat  or  gently  rounded  tops  of  ridges  and  steep- 
sided  canyons  typical  of  the  northeost  part  of  the 
quadrangle.  Glover  Rtdge  at  left;  canyon  of  West 
Branch  neor  center  of  photograph.  In  distance  Is  dis- 
sected southwest-sloping  constructional  ploin  of  the 
Tuscan    Formation. 
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Figure  5.  View  northeast  from  near  Lime  Saddle 
toward  canyon  of  West  Branch.  Cape  Horn  left  of 
center.  Nelson  Bar  bridge  at  lower  right.  Even  sky- 
line represents  destructionol  surface  cut  on  bedrock 
in   pre-Tuscan  time. 
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Figure  6.  West  branch  of  Feather  River  near 
Glover  Ridge,  showing  bench  cut  in  bedrock.  View 
upstream    (northwest). 
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Figure    7.       Feather    River    near    Morris    Ravine,    showing    broad  bench 

cut  in   bedrock.  South  Table  Mountain   in   distance.   Large  wall   on  bench 

was   once    used    to    divert    river    in    order    that    the    main    channel  might 
be   mined   for   placer   gold.   View   northwest. 
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overall  distribution  is  unmistakably  influenced  by  ele- 
vation. The  flat  or  low,  rolling  plain  of  the  Sacramento 
\'alle%-  is  grassland  with  occasional  oak  trees.  Oak 
increases  in  density  at  the  edge  of  the  foothills,  and 
the  slopes  just  above  the  level  of  the  valley  arc  char- 
acterized b\-  abundant  oaks  and  Digger  pines.  Oregon 
ash  and  various  species  of  willow,  cottonwood,  and 
sycamore  grow  abundantl\'  on  the  banks  of  the  larger 
streams.  In  parts  of  the  lower  foothills,  patches  of 
dense  chaparral,  consisting  largel\-  of  manzanita,  buck 
brush,  and  scrub  oak  are  interspersed  with  open,  grassy 
clearings.  Moderately  thick  stands  of  ponderosa  pine 
and  Douglas  fir  characterize  the  tops  of  ridges  and 
hills  in  the  northeastern  part  of  the  quadrangle. 

Topography  and  drainage.  The  Oroville  quad- 
rangle lies  on  the  southwest  margin  of  the  foothills 
bordering  the  northern  Sierra  Nevada.  Approximately 
one-third  lies  in  the  Sacramento  V^alley,  which  is  char- 
acterized bv  a  broad,  nearl\  flat  plain  with  alluviated 
narrow  tributary  valleys.  Elevations  in  the  valley 
proper  range  from  104  feet  at  the  southwest  corner 
of  the  quadrangle  to  approximately  250  feet  at  the 
margin  of  the  foothills.  Fxccpt  in  that  part  of  the  area 
adjacent  to  Oroville  Table  Mountain,  the  foothills  rise 
rather  gradually  toward  the  northeast,  culminating  at 
a  maximum  elevation  of  2800  feet  at  the  northeast 
corner  of  the  quadrangle.  The  physiographic  stage  of 
development  ranges  from  late  youth  in  the  higher 
parts  of  the  area  to  old  age  in  that  part  of  the  area 
lying  within  the  Sacramento  V'alley. 

Oroville  Table  Mountain,  a  conspicuous  nearly  flat- 
topped  mesa  resulting  from  erosion  of  an  ancient  lava 
flow,  rises  rather  abruptly  above  the  plain  of  the  Sac- 
ramento \'alley.  Much  of  the  northern  one-third  of 
the  area  is  dominated  by  a  gently  southwest-sloping 
late  Pliocene  constructional  plain  which  has  been  dis- 
sected into  a  series  of  long,  finger-like,  flat-topped 
ridges  separated  by  steep-sided,  more  or  less  straight 
can\ons.  Most  spectacular  is  the  gorge  cut  by  Butte 
Creek,  which  flows  southwestward  across  the  north- 
west corner  of  the  quadrangle.  The  ridges,  at  their 
lower  ends,  pass  gradually  beneath  the  alluvium  of  the 
\'alle\-  without  interruption  or,  more  often,  are  dis- 
sected into  a  series  of  low  buttcs  (Fig.  2). 

East  of  this  spectacular  front  of  mesas  and  long 
ridges  uplands  of  Sierran  bedrock  rise  above  a  few- 
deep  major  stream  canyons  (Fig.  3).  The  uplands  have 
been  dissected  into  rounded  or  somewhat  flat-topped 
ridges  and  hills  (Fig.  4).  Viewed  from  a  distance,  the 
summits  of  the  uplands  together  appear  to  form  a 
gently  undulating,  but  essentially  planar,  surface  (Fig. 
5)  which  slopes  a  few  degrees  toward  the  southwest. 

The  largest  stream  in  the  area  is  the  Feather  River, 
which  flows  out  of  the  foothills  and  into  the  Sacra- 
mento Valley  just  above  Oroville,  thence  joining  the 
Yuba  River  at  Marysville.  The  west  branch  of  the 
north  fork  of  the  Feather  follows  a  rather  devious 
course  through  the  northeast  quarter  of  the  quadran- 


gle. Fhe  two  streams  together  drain  an  area  underlain 
largel\-  by  a  bedrock  complex  which  is  characterized 
by  structural  and  lithologic  heterogeneit\'.  Thus  the 
drainage  pattern  within  their  watershed  is  quite  ir- 
regular. Contrasted  to  this  is  the  regular,  consequent 
drainage  of  the  western  part  of  the  area  where  low- 
dipping  strata  predominate.  Butte  Creek  is  the  major 
stream  in  the  western  part  of  the  quadrangle.  Rainfall 
in  the  area  is  seasonal,  but  none  of  the  larger  canyons 
or  ravines  is  wholly  without  water  during  even  the 
dryest  months. 

The  major  streams  in  the  eastern  part  of  the  area 
follow  relatively  deep,  narrow  channels  cut  into  bed- 
rock and  are  fringed,  on  one  or  both  banks,  by  a 
relatively  broad  stream-cut  bench  (Figs.  6,  7).  This 
feature  may  indicate  that  the  streams  have  been  slightly 
rejuvenated  by  mild  uplift  in  fairly  recent  times. 

STRATIGRAPHY 

The  rocks  of  the  western  foothills  of  the  Sierra 
Nevada  can  be  grouped  convenientl\"  into  two  sepa- 
rate and  distinct  divisions,  the  "Bedrock  series"  and 
the  \-ounger  "Superjacent  series",  as  they  have  been 
called  by  Lindgren  and  Turner  (1894,  p.  1).  A  cur- 
sory geological  examination  of  the  Oroville  quadran- 
gle or  nearly  any  other  portion  of  the  lower  western 
slope  of  the  range  reveals  the  profound  unconformity 
which  separates  these  two  divisions.  The  "Bedrock 
series"  is  a  complex  of  steeply  dipping  metamorphosed 
sedimentary  and  volcanic  rocks  which  have  been  in- 
vaded, in  places,  by  a  wide  variety  of  igneous  intru- 
sions. In  marked  contrast,  the  later  "Superjacent  series" 
is  a  nearly  flat  lying  sequence  of  undeformed  sedi- 
mcntar\-  and  volcanic  rocks  which  have  been  deposited 
upon  the  upturned,  deeply  eroded  edges  of  the  bed- 
rock strata  or  upon  unroofed  intrusive  bodies.  In  a 
general  w-ay,  the  "Superjacent  series"  may  be  envi- 
sioned as  a  gigantic  wedge,  with  the  thin  edge  toward 
the  east.  King  draped  upon  a  westward-sloping  bed- 
rock surface. 

"Bedrock   Series" 

Unnamed  Metavolcanic  Rocks 

Two  separate  belts  of  dark-colored,  massive  to 
schistose,  amphibole-bearing  metamnrphic  rocks,  be- 
lieved to  have  originated  as  basic  to  intermediate  vol- 
canic rocks,  were  mapped.  On  the  basis  of  stratigraphic 
relations  and  degree  of  mctamorphism,  it  is  considered 
probable  that  they  represent  the  oldest  rocks  in  the 
area.  The  rocks  of  the  two  belts  may  be  equivalent 
to  one  another,  but  because  of  dissimilarities  betw  ccn 
them,  they  are  discussed  separately. 

Eastern  belt.  The  largest  outcrop  area  of  these 
metavolcanic  rocks  lies  along  the  cast  edge  of  the 
(]uadrangle,  and  extends  north  from  the  southeast 
corner  for  about  8  miles.  When  fresh,  the^e  rocks  are 
typically  dark  greenish-gray  or  bluish-gray.  They  are 
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extremely  tough  and  dense  and  arc  usually  massive, 
although  schistose  variants  arc  coninion.  Relict  struc- 
tures and  textures  are  often  present.  In  rocks  thought 
to  be  metamorphic  derivatives  of  tuff  or  volcanic 
sandstone,  tiiin  to  thick  bedding  and,  in  a  few  cases, 
graded  hcdtiiug  are  preserved.  Often,  too,  an  original 
clastic  texture  is  well  preserved  and  [liainh-  \isible. 
Fragniental  t\pes  coarser  grained  than  tuff  or  sand- 
stone were  not  recognized.  Metamorphosed  flows  are 
also  present,  but  are  less  easil\-  distinguished  than  are 
clastic  types.  Relict  flow-banding,  amxgdules,  an  over- 
all massive  character,  and  lack  of  clastic  structures  or 
textures  sometimes  serve  as  criteria  for  their  recogni- 
tion. Feldspar,  green  amphibole,  and  chlorite  ma>' 
occasional!)'  be  recognized  in  hand-specimens  of  the 
metavolcanic  rocks,  but  more  often  specific  miner- 
alogy is  obscure. 

Under  the  luicroscope,  most  of  these  rocks  are  seen 
to  be  more  or  less  schistose.  Relict  porphyritic  or 
clastic  textures  and  amygdaloidal  structure  may  often 
be  distinguished.  The  dominant  minerals  are  albite, 
actinolite,  epidote,  and,  in  some  cases,  clilorite.  Clear, 
often  untwinned  albite  makes  up  60  percent  or  more 
of  the  rock.  It  may  occur  either  in  xenoblastic  aggre- 
gates or  as  individual  elongate  crystals  having  very 
ragged  faces.  Less  than  20  percent  of  acicular  or 
fibrous  pale  green  actinolite  is  typicalh'  present.  In 
several  cases,  actinolite  appears  to  have  wholly  re- 
placed euhedral  phenocrysts  of  augite  with  little  dis- 
ruption of  the  relict  crystal  outline.  Epidote  and  clino- 
zoisite  in  disseminated  grains,  amygdules,  and  vcinlets 
constitute  5  to  10  percent  of  the  rock.  Chlorite  is 
always  present  and  in  a  few  specimens  makes  up  an 
estimated  20  percent  of  the  rock.  Other  minerals  pres- 
ent in  small  amounts  include  sphene,  calcite,  magnetite 
and  pyrite.  A  few  grains  of  highly  strained  quartz 
appear  to  represent  relict  sand  grains. 

At  several  localities,  the  metavolcanic  rocks  are  in- 
truded by  thin  dikes  or  sills  of  augite  porph\ry,  whose 
emplacement  preceded  the  metamorphism  of  the  vol- 
canics,  since  they  themselves  have  been  metamor- 
phosed. In  an  example  in  the  lower  part  of  Oregon 
Gulch,*  augite  porph\T\'  has  been  converted  largely  to 
actinolite-chlorite  schist.  The  original  augite  pheno- 
cr\sts  have  been  flattened  into  clots  now  composed  of 
dark  green  actinolite.  At  another  point,  a  thin  sill-like 
body  of  augite  porphyry  has  been  transformed  into 
actinolite-chlorite  schist  containing  blastophenocrysts 
of  augite.  Under  the  microscope,  the  augite  (2V  = 
52°-54°,  ZAC  =  42°)  is  seen  to  be  partly  uralitized 
and  phenocrysts  are  slightly  elongated  parallel  to  the 
schistosity.  Nearly  colorless  actinolite  (2V  =  86°, 
ZAC  =    15°)   is  abundant,  while  lesser  amounts  of 


*  Oregon  Gulch,  unnamed  on  Plate  1,  lies  in  the  southeast 
quarter  of  the  quadrangle;  it  heads  in  the  area  east  of 
Cannon  Reservoir  and  flows  generally  south  through  Ore- 
gon City  and  ioins  the  F'cathcr  River  east  of  Sycamore 
Hill. 


chlorite,  epidote,  clinozoisitc,  and  a  small  amount  of 
untwinned  albite  complete  the  assemblage. 

The  metavolcanic  rocks  of  this  belt  originated  as 
flows  and  as  tuff  or  volcanic  sandstone  of  rather  basic 
composition,  as  shown  by  their  relict  textures  and 
structures  and  by  their  mineralogy.  A  similar  conclu- 
sion was  reached  by  Turner  (1898,  p.  1)  and  by 
Compton  (1955,  pp.  16-17)  concerning  rocks  of  like 
character  in  the  Bidwell  Bar  quadrangle,  immediately 
cast  of  the  area  vmder  discussion. 

These  metavolcanics  have  a  maximum  thickness 
within  the  Oroville  quadrangle  of  about  4400  feet  if 
none  of  the  section  has  been  repeated  b\'  unrecognized 
folding  or  faulting.  However,  the  belt  extends  across 
strike  to  the  cast  for  several  miles  (Compton,  1955) 
so  that  the  thickness  of  this  unit  may  be  much  greater. 
The  metavolcanic  rocks  of  this  belt  dip  steeply  toward 
the  east,  and  appear  to  overlie  spatially  the  Oregon 
Cit\-  Formation  which  lies  just  to  the  west.  The  Ore- 
gon City  Formation  consists  of  basic  to  intermediate 
volcanic  rocks  and  associated  sedimentary  rocks  which 
are  notably  less  metamorphosed  than  the  metavolcanic 
rocks  of  the  eastern  belt.  The  contact  between  the  two 
units  is  quite  sharp,  and  evidence  which  indicates  that 
a  fault  separates  them  is  presented  in  the  section  on 
geologic  structure.  Because  of  the  marked  difference 
in  grade  of  metamorphism  exhibited  by  these  two 
units,  it  is  assumed  that  the  metavolcanics  are  older 
than  the  Oregon  City  rocks.  The  latter  are  thought 
to  be  of  A'lesozoic  age,  while  the  metavolcanics  mav 
be  about  the  same  age  as  the  Calaveras  Formation 
(Upper  Paleozoic). 

Northern  belt.  The  second  major  belt  of  amphi- 
bole-bearing  metavolcanic  rocks  trends  west-northwest 
across  the  northeast  corner  of  the  quadrangle.  Only  a 
small  segment  of  this  belt  is  exposed,  but  it  crops  out 
e.xtensivel\'  in  the  area  immediately  north  of  Oroville 
quadrangle.  Smaller  masses  of  the  same  type  of  rock 
occur  on  Cape  Horn  and  near  Deer  Peak.  These  rocks 
are  typically  dark  bluish-gray  to  nearh'  black  on  fresh 
surfaces,  but  weathering  produces  shades  of  green  or 
bluish  green.  Both  schistose  and  massive  types  occur, 
but  the  former  are  more  often  encountered.  In  some 
cases,  those  having  well-defined  schistosit)'  exhibit 
small-scale  folding  about  nearl\-  horizontal  fold  axes. 
They  are  usually  fine-grained,  although  some  medium- 
grained  rocks  also  occur.  The  chief  mineral  is  black 
amphibole,  which  ma>'  be  recognized  in  hand  speci- 
mens of  all  but  the  finest-grained  varieties.  Feldspar 
is  distinguishable  in  most  of  the  coarser-grained  speci- 
mens. Alinerals  less  frequcntl\-  identified  include  epi- 
dote, usually  present  in  small  vcinlets  traversing  the 
rock,  and  p>  rite,  present  in  very  minor  amount. 

Alicroscopic  examination  of  this  rock  shows  it  to  be 
essentially  hornblendc-albite-cpidote  schist.  Schistosity 
is  usually  manifested  by  preferred  orientation  of  the 
amphibole  prisms,  or  less  often  by  segregation  of  xeno- 
blastic albite  into  lenticular  laminae.  The  most  abun- 
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Figure  8.  Amphibole  schist  from  north  of  Deodwood  Creek  as  seen 
in  thin-section.  Development  of  chlorite  along  cleavage  in  hornblende; 
minor   aggregates   and   euhedra    of   sphene.    X    175. 

dant  mineral  of  the  schi.st  is  green  liornblende,  which 
occurs  as  nearly  idioblasric  prisni.s  and  constitutes  from 
50  to  70  percent  of  the  rock.  Many  of  the  hornblende 
crystals  are  warped  or  broken,  indicating  some  post- 
cr\stallization  deformation.  Pale  green  chlorite  has 
developed,  presumably  as  a  product  of  retrograde 
metaniorphism,  along  cleavage  cracks  in  the  horn- 
blende (Fig.  8).  The  second  most  abundant  mineral 
in  the  schist  is  albite,  which  is  usuall>'  unr\\inned  and 
occurs  in  xenoblastic  aggregates  with  minor  amounts 
of  quartz.  It  makes  up  30  to  50  percent  of  the  rock. 
Some  of  the  albite  carries  poikilitic  inclusions  of 
quartz.  Epidote,  in  ragged,  xenoblastic  grains  is  present 
in  all  thin-sections,  and  is  common  in  several.  Clino- 
zoisite  occurs  less  frequently.  Cryptocrystallinc  aggre- 
gates of  sphene,  drawn  out  into  long  irregular  patches, 
are  often  present. 

The  observed  textural  features  and  mineral  assem- 
blage indicate  that  these  rocks  are  most  likely  the 
products  of  regional  metaniorphism  of  basic  to  semi- 
basic  igneous  rocks.  Although  the  original  textures  and 
structures  have  been  largcl\'  obscured  by  metanior- 
phism, the  general  fine-grained  nature  of  the  schist 
suggests  that  the  original  rocks  were  fine-grained 
themselves  and  probably  of  volcanic  origin.  That  they 
may  have  been  deposited  in  a  partly  subaqueous  en- 
vironment is  indicated  by  the  occurrence  of  two  large 
lenses  of  bedded  metachert  within  the  amphibole 
schist  in  the  area  just  north  of  Deadwood  Creek.*  The 
schist  represents  a  somewhat  higher  grade  of  meta- 
morphism  than  that  shown  by  the  eastern  belt  of 
partly  schistose  metavolcanic  rocks,  but  the  two  may 
be  contemporaneous  nevertheless. 

The  amphibole  schist  of  the  northern  belt  has  a 
maximum  thickness  within  the  area  of  study  of  about 
4000  feet.  It  is  in  contact  with  metavolcanic  and  meta- 
scdimentarv  rocks  of  the  Calaveras  Formation.  If  the 


Deadwood  Creek,  unnamed  on  Plate  I,  is  located  near  the 
northeast  corner  of  the  quadrangle;  it  flows  from  east  to 
west  toward  Concow  Creek,  more  or  less  along  the  north 
edge  of  sec.  27,  T.22  N.,  R.  4  E. 


present  writer  is  correct  in  his  interpretation  of  the 
stratigraph)-  of  the  Calaveras  and  the  structure  in  this 
part  of  the  area,  the  schist  occurs  in  the  core  of  an 
overturned  anticline,  the  south  flank  of  w  hich  exposes 
most  of  the  thick  section  of  Calaveras  rocks  (Upper 
Paleozoic).  Thus,  the  schist  probably  represents-  the 
oldest  unit  found  in  the  area  of  studv. 


Calaveras  Formation 

A  thick  scries  of  metamorphosed.  Upper  Paleozoic 
sedimentary  anil  \olcanic  rocks,  representing  deposi- 
tion in  the  Cordillcran  geosyncline,  are  widel\'  dis- 
tributed over  the  western  slope  of  the  Sierra  Nevada. 
This  series  has  been  named  the  Calaveras  Formation, 
and  is  well  represented  in  the  Oroville  quadrangle  b\' 
rocks  that  are  similar  lithologically  to  rocks  mapped 
as  Calaveras  in  other  areas. 

The  name  "Calaveras  formation"  first  appeared  in 
the  literature  in  1893.  H.  W.  Turner  (1893,  p.  309) 
noted  that  the  term  was  used  for  "all  Paleozoic  sedi- 
mentar\'  rocks  in  the  Sierra  Nevada"  b\'  the  U.  S. 
Cieological  Survey.  It  was  named  for  Calaveras  Count\" 
wherein  these  rocks  are  prominently  displayed.  In 
1900,  Lindgrcn  (1900,  pp.  1-2)  subdivided  the  "Car- 
boniferous group  of  the  Colfax  area,  equi\aleiit  to  the 
Calaveras  formation  of  other  folios"  into  five  forma- 
tional  units;  thus  was  the  Calaveras  elevated  to  group 
status.  Taliaferro  ( 1943,  p.  280),  recognizing  the  heter- 
ogeneous nature  of  the  Calaveras,  termed  it  "a  catchall 
for  all  the  Paleozoic  rocks  of  the  Sierra  Nevada"  hav- 
ing "no  stratigraphic  significance". 

In  the  Oro\ille  quadrangle,  surface  outcrops  of  the 
Calaveras  Formation  are  restricted  to  the  northeastern 
quarter  of  the  area.  Here  they  occur  in  a  tightly 
folded  belt,  limited  on  the  north  and  east  by  the  edges 
of  the  mapped  area,  and  on  the  south  and  \\est  by  a 
mantle  of  sounger  rocks.  The  general  structural  trend 
is  northwest.  "Hie  Calaveras  is  seen  as  abundant  but 
discontinuous  outcrops  on  the  summits  and  .sides  of 
ridges  in  the  higher  parts  of  the  area  and  is  more  or 
less  continuously  exposed  along  most  of  the  larger 
streams. 

iMetasedinieiifar\'  rocks— slate,  sandstone,  conglom- 
erate, chert  and  limestone— and  metavolcanic  rocks- 
schistose  and  massi\e  flows  and  p\roclastic  rocks  of 
varying  composition— constitute  the  formation.  Two 
distincti\e  lithologic  units  within  the  formation  have 
been  differentiated:  the  older  is  designated  the  Hodapp 
Member,  and  consists  essentially  of  low-grade  meta- 
morphosed \()lcanic  rocks  of  rather  basic  composition; 
rlic  younger  is  the  l\>iitz  Sandstone  Member,  w  hich  is 
matle  up  largel\-  of  sandstone  and  conglomerate,  w  ith 
some  interbctliicd  fragmental  volcanic  rocks.  I  he  term 
unditlerenriatcii  (Calaveras  is  applied  to  the  remainder 
of  the  formation,  and  includes  beds  cliron()logicall\', 
but  not  lithologicall\ ,  equivalent  to  both  Hodapp 
.Member  and  Pcntz  Sandstone  .Member. 
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Hodapp  Member 

The  name  Moitnpp  Mcinhcr  is  proposed  for  a  suc- 
cession of  meramorpliosed  basic  volcanic  rocks  wliicli 
occur  in  the  lower  part  of  the  Cahncras  l'"ornuiti<)n. 
This  unit  is  recognized  in  tiiree  separate  belts  wliicli 
trend  norrliwcst  across  the  northeastern  portion  of  the 
quadrangle.  All  three  belts  arc  thought  to  represent 
essentially  the  same  stratigraphic  hori/on,  repeated  by 
folding  and,  possiblv,  faulting.  The  two  southernmost 
belts  extend  southeastward  from  beneath  Tertiar)' 
strata  near  Nelson  Bar  and  Lime  Saddle.  A  third  major 
belt  lies  along  the  lower  part  of  Deadwood  Creek 
and  in  the  hills  to  the  southeast,  it  has  been  intruded 
by  two  convergent  masses  of  serpentine  and  meta- 
gabbro.  [Retails  of  the  original  structures  and  stratigra- 
ph\-  of  the  Hodapp  .Member  are  exccllcntK'  displaced 
along  Hodapp  Creek,  the  t\pc  localit\'  (in  sees.  .\  6, 
T.  21  X..  R.  4  F.),  and  along  the  respective  can>ons 
of  the  West  Branch  (both  north  and  south  of  Nelson 
Bar)  and  Concow   Creek. 

The  Hodapp  Member  consists  principally  of  schis- 
tose rocks  derived  from  flows,  tuff,  and  tuff-breccia  of 
basic  to  intermediate  composition.  These  rocks  are 
characteristically  light  gra\ish-green  or  dark  bluish- 
green.  Chlorite  schist,  in  places  showing  megascopic- 
all\-  visible  flakes  of  chlorite,  is  the  dominant  lithologic 
type,  and  in  large  part  is  thought  to  be  the  derivative 
of  fine-grained  tuff  or  tufl^aceous  shale.  In  places,  how- 
ever, nonschistosc,  massive  rocks  are  found  within  the 
member  which  contain  abundant,  more  or  less  evenly 
distributed,  drawn-out  amygdules  of  calcite.  Such  oc- 
currences are  interpreted  as  lava  flows.  At  other  locali- 
ties, the  volcanics  may  exhibit  well  defined,  coarse 
fragmental  structure,  but  because  of  the  schistose 
character  of  most  of  these  rocks,  it  is  difficult  to  deter- 
mine whether  they  represent  original  tuff-breccia,  ag- 
glomerate, or  autobrecciated  flows.  The  strict  litho- 
logic homogeneit\-  of  the  volcanic  fragments  and  the 
dearth  of  non-volcanic  debris  in  such  occurrences  ap- 
pears to  rule  out  the  possibility  that  they  originated  as 
volcanic  conglomerate.  On  the  West  Branch,  north  of 
Nelson  Bar,  a  strongl\-  sheared  tuff-breccia  or  agglom- 
erate occurs;  individual  "strung-out"  fragments  up  to 
one  foot  in  length  are  rich  in  calcite-filled  amvgdules. 
The  fragments  are  set  in  a  matrix  of  chlorite  schist,  the 
schistosit)'  surfaces  tending  to  curve  around  the  clasts 
(Fig.  9).  Rounded  fragments  of  limestone,  up  to  eight 
inches  across,  are  occasionally  found  in  this  rock.  On 
a  small  point  of  rock  about  one  mile  south  of  Gold 
Flat,  an  intensel\'  sheared,  grayish-green  agglomerate 
or  tuff^-breccia  crops  out.  The  individual  fragments, 
up  to  four  inches  in  maximum  dimension,  are  markedh" 
flattened  and  drawn  out,  and  contain  abundant  calcite- 
filled  or  chlorite-filled  am\  gdules;  limestone  fragments 
are  abundantly'  intermingled  w  ith  the  volcanic  clasts. 

In  thin  section  most  of  the  greenschists  of  the  Ho- 
dapp .Member  are  seen  to  difi^er  little  from  those  of 
the  undifferentiated  Calaveras  Formation  described 
below.    They    arc    essentially    chlorite-albite-epidote 


SCALE    IN    INCHES 


Figure  9.  Sketch  of  sheared  tuff-breccia  or  agglomerate,  showing 
highly  amygdaloidal  blocks,  or  bombs.  Hodapp  Member.  West  branch 
of  Feather  River  near  Nelson  Bar. 

schists,  and  are  derivatives  of  basic  to  intermediate 
volcanic  rocks.  However,  microcrystalline  actinolite- 
albite-epidote  chlorite  schist,  hand  specimens  of  which 
are  markedl\"  similar  to  those  of  the  chlorite  schist, 
appears  to  be  abundant  in  the  northernmost  belt  of 
Hodapp  strata.  Uncommonly  in  this  northern  belt, 
metavolcanics  have  recrvstallized  to  fine-grained,  and 
even  medium-grained,  diorite-appearing  rocks  con- 
taining megascopically  visible  amphibole  and  plagio- 
clase  crystals.  These  coarser-grained  variants  occur  as 
more  or  less  equant  or  lenticular  masses,  rarely  over  a 
few  feet  in  maximum  dimension,  apparently'  isolated 
within,  and  gradational  to,  microcrystalline  green- 
schists.  At  these  localities,  parts  of  the  metavolcanics 
have  been  markedly  brecciated.  The  angular  frag- 
ments in  the  breccia  are  separated  by  irregular  veinlets 
of  \ellowish-green  to  greenish-white,  microcr\'stalline, 
xenoblastic  aggregates  of  epidote  or  clinozoisite.  It  is 
possible  that  such  observed  differences  in  the  develop- 
ment of  mctamorphic  minerals  between  the  several 
parts  of  the  Hodapp  .Member  were  caused  b\'  such 
factors  as  local  variation  in  degree  of  deformation,  in 
partial  pressures  of  COj  and  H^O,  and  in  the  character 
of  the  original  rock  (e.g.  chemical  and  mineralogical 
composition;  average  grain-size;  fragmental  versus 
non-fragmental  types;  and  initial  content  of  relatively 
unstable  material,  such  as  volcanic  glass). 

Dense,  massive,  slightlx'  schistose,  dark-bluish-gray 
or  dark-bluish-green  rocks  are  widespread  in  the 
Hodapp,  but  are  much  less  abundant  than  the  schis- 
tose varieties.  Most  of  them  arc  probably  somewhat 
metamorphosed  lava  flows  of  basic  to  intermediate 
composition.  A  r\'pical  example,  interpreted  as  being 
a  metamorphosed  basaltic  or  andesitic  flow,  is  seen  in 
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a  roadcut  south  of  Gold  Flat.  Here,  a  massive  dark- 
grecnisli-gra\'  microcr\stallinc  rock  witli  locallN'  con- 
centrated calcitc-  or  chiorite-filled  aniygdules  occurs. 
It  shows  some  incipient  schistosity.  Veinlets  of  epidote 
often  rich  in  p\  rite  transect  the  rock  local!)'.  Under 
the  microscope,  the  rock  is  seen  to  be  very  slightl\- 
porphyritic,  with  occasional  slender  phcnocrysts  of 
plagioclase  set  in  a  niicrocrNstalline,  felted  ground- 
mass.  Medium  oligoclase  makes  up  approximately  one- 
half  of  the  rock  (exclusive  of  the  am\gdulcs).  Epidote, 
as  small  granules  associated  with  minor  clinozoisite, 
and  sphene,  in  ragged,  irregular  patches,  each  consti- 
tute one-fifth  of  the  total.  The  remaining  !0  percent 
consists  of  chlorite.  Amygdulcs  occup)  approximately 
one-fifth  of  the  total  \()lume,  and  arc  filled  w  ith  cal- 
cite  or,  less  frequentlv,  chlorite. 

Interbedded  metasedimentary  rocks  in  the  Hodapp 
Member  arc  confined  to  a  few  lenticular  belts  of  black 
slate,  chert  and  limestone.  Where  slate  occurs,  it  is 
present  in  thin-bedded  sequences  alternating  w  ith  fine- 
grained tuff.  One  small  lens,  eight  feet  thick,  of  rhyth- 
micall\-  interbedded,  thin-bedded  chert  and  limestone 
lies  in  the  mctaxolcanics  about  one-fourth  mile  north 
of  Nelson  Bar.  Southwest  of  Gold  Flat,  a  narrow, 
lenticular  body  of  dark  red  chert  occurs;  the  chert  has 
a  rough,  ill-defined  fracture-cleavage,  and  many  of  the 
cleavage  surfaces  are  coated  with  a  velvet)-  film  of 
fine-grained,  dark-green  chlorite.  Along  Concow 
Creek,  north  of  the  mouth  of  Deadwood  Creek,  coarse 
volcanic  conglomerate  is  intercalated  with  the  Hodapp 
.Member,  and  apparently  represents  a  local  intraforma- 
ti(jnal  reworking  of  the  member.  The  frequency  of 
non-volcanic  interbeds  increases  rapidi)'  toward  the 
southeast,  and  in  the  vicinity  of  Deer  Peak,  the  meta- 
volcanic  rocks  appear  to  lens  out  into,  and  interdigitate 
with,  the  metascdimenrar\-  strata  of  the  undifferen- 
tiated Calaveras  Formation.  It  is  inferred  from  this 
that  the  eruptive  centers  which  furnished  the  lavas 
and  p\roclastic  rocks  of  the  Hodapp  Member  lay 
northwest  of  the  present  exposures  and  are  probabl\' 
buried  beneath  the  Tertiar\'  strata  which  now  mantle 
the  region.  The  widespread  occurrence  of  marine 
metasediments  within,  and  on  strike  with,  the  Hodapp 
suggests  that  the  volcanic  rocks  themselves  were  em- 
placed  in  or  near  the  sea.  Definite  pillow  structure, 
which  would  tend  to  support  this  conclusion,  w  as  not 
found  in  these  rocks  by  the  writer. 

The  lateral  extent  of  the  Hodapp  .Member  is  rather 
limited.  All  three  belts  are  covered  at  their  respective 
northwest  ends  by  flat-l>ing  Tertiary  volcanic  and 
sedimentary  rocks.  The  northernmost  belt  is  sharply 
truncated  on  the  southeast  at  the  convergence  of  the 
two  basic-ultrabasic  intrusive  masses.  Mention  has 
been  made  above  of  the  gradual  lensing  out  of  the  two 
southern  belts  toward  the  southeast. 

The  F  lodapp  Member  is  both  underlain  and  o\  crlain 
by  slates  of  the  undifferentiated  Calaveras.  Both  con- 
tacts appear  to  be  gradational  through  volcanic  slates 
or    through    the   gradually    increasing    frequency    of 


metavolcanic  interbeds  in  the  metasediments.  The 
Hodapp  Member  is  thickest  in  the  area  north  of  Nel- 
son Bar,  where  it  attains  a  thickness  of  approximately 
2700  feet.  The  maximum  thickness  of  the  belt  south  of 
Nelson  Bar  is  about  1800  feet,  while  that  of  the  north- 
ernmost belt  is  at  least  1 500  feet. 

Pentz  Sandstone  Member 

Two  major  belts  of  relativel\-  coarse-grained  sed- 
iments —  sandstone  and  conglomerate  —  have  been 
mapped  separatel\'  in  that  part  of  the  area  otherwise 
dominated  by  the  ubiquitous  Calaveras  slates  and 
"greenstones".  Because  of  the  writer's  structural  in- 
terpretation and  the  lithologic  similarity  between  the 
two  belts  they  are  regarded  as  correlative.  The  name 
Pentz  Sandstone  Member  is  applied  to  these  rocks, 
since  they  crop  out  extensively  east  of  the  settlement 
of  Pentz  (sees.  19,  30,  T.  21  N.,  R.  4  E.).  In  the  vicin- 
it\'  of  the  type  locality,  thc\'  are  exposed  from  Parish 
Camp  and  Glover  Ridge  southwestward  to  the  lower 
part  of  Sawmill  Ravine  and  iMessilla  \'alley,  and  also 
appear  intermittently  from  beneath  Tertiary  sediments 
for  a  distance  of  several  miles  up  the  can\on  of  Dr\' 
Creek.  The  second  major  belt  extends  northwestward 
from  the  upper  part  of  Rich  Gulch  ncarh*  to  the  top 
of  the  Tertiar\'-capped  ridge  north  of  Cape  Horn. 
Several  discontinuous,  lenticular  beds  of  conglomerate, 
similar  to  those  in  the  Pentz  Sandstone  .Member,  are 
interbedded  with  the  slates  in  Blair  Ravine  and  south 
of  Pingston  Ravine.  The  structural  position  of  these 
last-mentioned  beds  suggests  that  they  are  correlative 
with  the  Pentz  Sandstone  Member  to  the  southwest. 

The  Pentz  Sandstone  Member  at  its  type  localit\' 
consists  of  interbedded  sandstone  and  slate,  with  sub- 
ordinate amounts  of  conglomerate,  and  small,  widely 
separated  masses  of  chert  and  limestone.  Several  hun- 
dred feet  of  volcanic  sandstone,  basaltic  and  andesitic 
tuflF,  lapilli  tuff,  and  tuff-breccia  lie  near  the  middle 
of  the  exposed  section  between  Pentz  and  Glover 
Ridge.  Sheared  argillaceous  sandstone  is  the  dominant 
lithologic  type.  It  tends  to  be  dark  gray  or  black  on 
fresh  exposure,  but  soon  weathers  to  shades  of  light 
gray  or  pale  buff.  In  lower  Sawmill  Ravine,  sandstone 
resting  beneath  Eocene  sediments  has  been  weathered 
to  soft,  claylike  material  w  hich  shows  thin  alternating 
bands  of  orange-yellow  and  brick-red  as  remnants  of 
original  thin-bedding.  The  sandstone  is  massive  to 
thin-bedded,  and  often  alternates  with  thin  strata  of 
black  slate,  similar  to  that  which  characterizes  the 
undifferentiated  Calaveras.  Where  thin-bedding  oc- 
curs, individual  beds  ma\'  be  as  thin  as  a  fraction  of  an 
inch,  and,  at  times,  near-rh\  rhmic  alternations  of  sand- 
stone and  slate  are  found.  Graded  bedding  is  well- 
developed  at  some  localities,  and  convolute  bedding 
occasionally  occurs.  The  sandstone  tends  to  be  fine- 
to  medium-grained,  but  where  massive,  it  is  usuall\- 
coarse-grained  and  frequentl\-  grades  into  strongl\- 
sheared,  fine-pebble  conglomerate.  The  latter  contains 
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;ihuiul;iiir  pebbles  of  cliert,  okier  iiiet;>volc;mic  rocks, 
and  angular  chips  of  black  slate. 

Seen  in  tliin-section,  most  of  the  sandstone  is  readily 
classified  cither  as  xolcanic  graywacke  or  lithic  gra\-- 
wacke  (cf.  Gilbert  in  A\'illiains,  Turner,  and  Gilbert, 
1954,  pp.  297-304).  .\  dark-colored  semi-schistose 
argillaceous  matrix,  partl\-  recrystallizcd  to  "sericite", 
chlorite,  and  sphene,  constitutes  from  I  5  to  50  percent 
of  the  rock.  Fhe  grains  are  poorly  sorted  both  with 
respect  to  size  and  to  composition.  They  are  dom- 
inantl\-  subangular.  but  many  angular  and  subrounded 
grains  are  present  as  well.  Certain  of  the  grains  appear 
to  be  flattened  and  draw  n  out  parallel  to  the  incipient 
schistosit\-.  Prominent  constituents  include  unstable 
lithic  fragments  (15-50%;  principally  dense  volcanics 
and  slate  in  var\ing  proportions),  acid  plagioclase  or 
indeterminate,  altered  feldspar  (5-}5°i),  quartz  (3- 
15°o),  augite  (0-15°o),  detrital  chert  (3-10°;),  and 
detrital  carbonate  (0-10°-,). 

Grayish-green  andesitic  and  basaltic  pyroclastics, 
w  ith  subordinate  interbedded  strata  of  volcanic  sand- 
stone, constitute  an  integral  part  of  the  Pentz  Sand- 
stone Member  at  the  type  locality.  These  rocks  occur 
near  the  center  of  the  exposed  section  and  are  inter- 
fingered  w  ith  the  predominant  sedimentary  strata.  The 
two  most  important  t\"pes  present  are  lithic-crystal 
tuff  and  lapilli  tuff;  tuff-breccia  occurs  locally.  Bed- 
ding is  sometimes  recognized  by  the  presence  of  thin 
partings  of  black  slate  or  slaty  sandstone.  The  only 
megascopically  prominent  mineral  constituents  of  the 
tuff  are  "saussuritized"  plagioclase  and  augite,  but 
neither  of  these  are  common.  The  predominant  lapilli 
tuff  is  composed  of  subangular  fragments,  ranging 
from  a  few  millimeters  to  one  inch  across,  of  porphy- 
ritic  volcanic  rocks,  ^^•ith  scattered  chips  of  black 
slate.  Sorting  is  poor  in  most  of  the  lapilli  tuff  and  the 
fine-  to  coarse-grained  tuff  matrix  is  frequently  grada- 
tional  into  the  lapilli  themselves. 

A  typical  example  of  lithic-crystal  lapilli  tuff  from 
a  locality  about  one  mile  northeast  of  Pentz  was  se- 
lected for  chemical  anal_\sis  (Table  1).  Microscope 
examination  of  this  rock  reveals  a  coarsel\'  fragmental 
structure  in  which  many  angular  to  subangular  por- 
phyritic  rock-fragments  are  set  in  a  matrix  of  finely 
pulverized  lithic  and  crystal  grains.  The  porphyritic 
fragments  contain  phenocrysts  (1-2  mm)  of  augite 
(25%)  and  thoroughly  altered  plagioclase  (35%),  and 
amygdules  of  chlorite  (5''o)  set  in  a  microcrystalline, 
allotriomorphic-granular  groundmass  (35%)  of  albite 
(?),  clinozoisite,  chlorite,  and  sphene.  The  analysis 
shows  the  rock  to  be  of  basaltic  composition,  with  a 
comparatively  high  content  of  alumina.  In  this  respect, 
it  is  comparable  to  analysed  specimens  of  the  porphy- 
ritic basalt  at  Glover  Ridge  and  a  flow  in  the  Oregon 
City  Formation.  However,  from  certain  other  features 
of  the  analysis,  normative  composition,  and  o.xide- 
ratios  of  this  rock,  it  does  not  appear  likely  that  it  can 
be  correlated  on  a  chemical  basis  with  either  of  the 
other  two. 


In  riic  main  northern  belt,  the  Pentz  Sandstone 
Member  consists  dominantly  of  strongly  sheared  peb- 
ble- and  pebble-cobble  conglomerate,  interbedded 
with  w  hicii  are  subordinate  strata  of  sandstone  and 
black  slate.  Dark-colored,  dense  chert  and  slate  arc 
abundant  as  pebbles  and  cobbles,  although  noteworthy 
quantities  of  aphanitic  or  porphyritic  metavolcanics, 
chlorite  schist,  quartz,  and  black  cr\stalline  limestones 
are  also  common  as  clasts.  The  conglomerate  is  usuall\' 
rather  ill-sorted  \\  ith  respect  to  size;  that  containing 
a  notable  proportion  of  smaller  pebbles  is  intcnselv 
sheared,  and  the  pebbles  have  a  distinctly  flattened  or 
"strung-out"  shape  parallel  to  the  cleavage  of  the  slat\ 

Table    1.      Chemical  Analysis  No.  3.* 
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7.88 

3.02 

.66 
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MgOrCaO" 
CaO:Na;0** 
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•  Analyst:  W.  H.  Herd 
**  Molecular  ratio. 

0.63 
6.28 
1.94 

sman. 

Calculation  of  Norms 


2.82 

8.70 

15.87 

38.63 

none 

7.20 

19.91 

none 

1.0 

1.27 

4.61 


matrix  in  \\  hich  the\'  rest.  Where  the  conglomerate 
consists  chiefly  of  cobbles,  it  has  a  tendency  to  be 
more  massive  and  to  lack  an\-  well-defined  cleavage. 
It  is  noteworthy  that  the  conglomerate  in  this  north- 
ern belt  coarsens  markedly  along  strike  from  southeast 
to  northwest.  At  the  northwest  end  of  the  belt  many 
beds  of  conglomerate  consist  dominantly  of  rounded 
cobbles,  while  southeast  of  Serpentine  Point,  few  clasts 
coarser  than  small  pebbles  are  found. 

The  main  northern  belt  of  the  Pentz  Sandstone 
Member  is  thickest  at  its  northwestern  end;  the  thick- 
ness progressively  diminishes  toward  the  southeast. 
The  thickness  at  the  junction  of  Concow  Creek  and 
the  West  Branch  is  2300  feet.  Southeast  from  here, 
the  unit  apparently  interdigitates  with  finer-grained 
sandstone  and  slate  of  the  undifferentiated  Calaveras, 
and  is  no  longer  mappable  beyond  that  point.  Thin 
lenticular  beds  of  conglomerate  or  of  sandstone  litho- 
logicall\-  similar  to  those  of  the  Pentz  Sandstone  Mem- 
ber occur  intermittently  to  the  east  edge  of  the 
mapped  area.  .As  has  been  pointed  out  already,  the 
conglomerate  coarsens  markedly  toward  the  north- 
west. This,  coupled  with  the  aforementioned  lensing- 
out  toward  the  southeast,  seems  to  justify  the  conclu- 
sion that  the  Penrz  Sandstone  Member,  at  least  in  the 
northern  area,  was  derived  from  a  source  lying  to  the 
west.    Unfortunatel)-,   the   belt   disappears   beneath   a 
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thick  capping  of  Tcrtiar\  scdinientai)  ami  volcanic 
rocks  a  short  distance  west  of  the  point  w  iierc  it  is 
transected  b\-  the  West  Branch. 

Tiie  exposed  thickness  of  the  Pentz  Sandstone  Mem- 
ber in  the  type  locality  is  at  least  .SOOO  feet.  Due  to  the 
complex  folding  which  prevails,  the  presence  of  addi- 
tional strata  cannot  be  readily  demonstrated.  The  unit 
there  is  underlain  by  the  undifferentiated  Calaveras 
slates,  and  the  contact,  though  not  directly  observed, 
is  thought  to  be  gradational.  The  next  youngest  beds 
are  those  of  the  Oregon  Cit\-  FormaticHi,  believed  to 
be  Jurassic  in  age.  The  nature  of  the  contact  is  not 
fulh'  established,  but  appears  to  be  a  marked  angular 
unconformity.  The  northern  belt  of  the  Pentz  Sand- 
stone Member  is  in  gradational  contact  with  the  slates 
of  the  Calaveras,  w  hich  both  underlie  and  overlie  the 
unit.  .As  indicated  above,  this  belt  passes  laterally  to- 
ward the  southeast  into  the  finer-grained  sediments 
of  the  Calaveras. 

The  association  of  a  w  cll-defined  facies  of  compar- 
ativel>'  coarse-grained  elastics  w  ith  a  sedimentary  sec- 
tion otherwise  dominated  by  pclitic  types  suggests 
that  the  region  was  one  of  tectonic  instability  during 
the  period  of  deposition.  The  exact  mode  of  deriva- 
tion and  transportation  of  the  coarser  sediiuents  can- 
not be  determined  in  the  light  of  the  present  evidence, 
and  it  is  probable  that  several  different  sets  of  sedi- 
mentar\-  processes  converged  to  produce  the  resultant 
deposits.  For  example,  a  part  of  the  material  may  rep- 
resent detritus  derived  from  uplifted  terrestrial  source- 
areas,  while  another  part  may  have  been  carried  in 
from  prcviousl}'  deposited  sediments  by  submarine 
slumping  and  turt)idit\  currents,  processes  not  directly 
related  to  normal  subaerial  erosion.  The  lithology  of 
the  clasts  composing  the  conglomerate  suggests,  on 
the  whole,  derivation  of  detritus  from  a  tcrrane  which 
in  some  \\a_\s  resembled,  and  was  as  diverse  as,  that 
exposed  at  present. 

Undifferentiated  Calaveras  Formation 

The  Calaveras  Formation,  except  for  the  Hodapp 
Member  and  Pentz  Sandstone  .Member,  has  not  been 
dilTerentiated.  This  course  has  been  necessitated  b_\' 
the  fact  that  both  the  Hodapp  and  Pentz  Sandstone 
.Members  lens  out  into  slates  toward  the  southeast, 
and  belts  of  slate  with  which  they  are  in  mutual  con- 
tact merge  as  a  single,  more  or  less  homogeneous  unit. 
Thus  the  undifferentiated  Calaveras  undoubted!)'  con- 
tains time-equivalents  of  both  members  but  they  are 
not  recognizable  as  such  on  a  lithologic  basis  in  the 
field.  Where  compatible  with  the  scale  of  the  map 
(PI.  1),  lenticular  outcrops  of  chert,  limestone,  con- 
glomerate, and  volcanics  are  shown. 

The  predf)iuinant  litiiologic  element  of  the  Cala- 
veras in  this,  as  in  other  areas  of  the  western  Sierra 
Nevada,  is  slate.  The  slate  is  usually  black  in  fresh  ex- 
posures, but  in  weathered  outcrops,  such  as  typify 
most  of  the  ridge-tops,  it  has  become  dark  graw  light 
greenish-tan,  light  silvcry-gra\-,  or  white.  The  black 


Figure    10.      Sheared   sandstone  and   slate.   Undifferentiated   Calaveras 
Formation  near  Rich  Gulch. 

color  of  the  slate  is  probabh'  due  to  the  presence  of 
finel\'  divided  carbonaceous  impurities.  In  a  few  places, 
the  slate  will  leave  a  powder\-  black  streak  when 
drawn  over  the  hand.  Irregular  patches  of  residual 
black  carbonaceous  (?)  pigment  are  often  seen  in  the 
lighter-colored,  weathered  slate.  \'arious  tints  of  red 
have  been  imparted  where  slate  apparently  contain- 
ing some  admixed  volcanic  detritus  has  been  weath- 
ered. The  cleavage-surfaces  in  fresh  slate  usualh 
exhibit  definite,  though  faint,  luster.  At  man\-  locali- 
ties, however,  the  silk\-  sheen  of  the  phyllite-stage  may 
be  observed.  The  slate  is  commonly  cross-fractured, 
and  cleavage  surfaces  arc  irregular.  At  a  few  random 
localities,  howc\er,  pcrfectl\'  planar  "papery"  cleav- 
age is  developed.  Pencil-slate  is  found  along  the  axes 
of  several  folds. 

In  many  parts  of  the  section,  strongl\-  sheared  argil- 
laceous sandstone  is  intcrheddcd  with  the  slate,  and 
is  especiall\'  abundant  at  horizons  adjacent  to  the 
Pentz  Sandstone  Member.  Most  of  the  sandstone  is 
fine-  to  medium-grained  and  occurs  as  thin  beds  inter- 
calated with  slate.  In  places  the  bedding  has  a  near- 
rh\  thniic  aspect,  but  usually  the  sandstone  appears 
as  thin  partings  between  thick  strata  of  slate.  The 
sandstone  is  invariabl\-  sheared  more  or  less  parallel 
to  the  cleavage  of  the  enclosing  slate.  In  Rich  Culch, 
indixidual  samlstone  beds  have  been  sheared  into 
Icnsoid  masses,  which  appear  to  have  been  moved 
about  as  passive  isolated  elements  within  the  more  in- 
competent slate  (Fig.  10).  At  a  few  localities  the 
sandstone  exhibits  graded  bedding,  but  more  often 
such  small-scale  features  have  been  obliterated  by 
shearing. 

As  seen  in  thin  section,  the  niajorit\-  of  the  sand- 
stone is  lithic  gra\wackc.  It  is  typicall)  dark  gray, 
and  some  is  nearly  black  because  of  an  organic,  argil- 
laceous matrix.  The  presence  of  this  matrix  probably 
accounts  for  the  apparent  ease  w  ith  w  hich  some  of  the 
sandstone  has  been  sheared.  Sorting  of  the  grains  with 
respect  to  size  appears  to  have  been  slight.  Besides  the 
matrix,  the  most  abundant  constituents  are  grains  of 
dctrital  chert  and  slate,  w  bile  quartz  and  feldspar  are 
markedl\-  suboniinatc.  .Most  of  the  grains  arc  angular 
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td  sulmnguliir.  Those  having  some  elongation,  in  par- 
ticular the  chips  of  slate,  show  a  strong  preferred 
orientation  parallel  to  the  plane  of  shearing,  and  in 
some  cases,  the  elongation  appears  to  have  been  ac- 
centuated b\'  the  shearing  movements.  Most  of  the 
micr()cr\stalline  matrix  is  indeterminate,  hut  such 
minerals  as  "scricite",  chlorite,  sphene,  and  trcmolite 
nia\  frcqueiirl\-  he  identified  as  products  of  rccrystal- 
lization  of  the  original  argillaceous  material. 

Thin  beds  of  stronglx'  sheared  pebble-conglomerate 
are  interbcdded  w  ith  the  slate  at  several  localities.  The 
conglomerate  is,  on  the  whole,  very  much  like  that 
previously'  described  as  part  of  the  Pent/.  Sandstone 
.Member. 

\'olcanism  was  not  limited  to  the  periods  during 
which  the  Hodapp  and  Pent/,  Sandstone  .Members 
were  deposited,  but  continued  intermittently  through- 
out the  time  of  deposition  of  the  Calaveras  Formation 
as  it  is  represented  in  the  Orovillc  quadrangle.  Several 
lenticular  bodies  of  metavolcanic  rock  appear  on  the 
geologic  map  in  areas  otherwise  mapped  as  slate.  These 
include  partl>'  metamorphosed  flows  and  p\roclastic 
rocks  of  basaltic,  andesitic,  and  dacitic  composition. 
Perhaps  of  even  greater  importance  with  regard  to 
volume  of  material,  however,  are  innumerable  lenticu- 
lar metavolcanic  strata,  too  small  to  map,  which  are  in- 
tercalated \\  ith  the  slate  at  man\-  localities.  These  are 
not  readil>-  apparent  where  outcrops  are  poor,  but  are 
especially  conspicuous  in  the  larger  stream  canyons 
and  ravines.  The  most  common  type  of  metavolcanic 
rock  occurring  in  the  undifferentiated  Calaveras  is 
greenish-gra\-,  fine-grained  schist  of  low  metamorphic 
grade.  This  rock  evidently  represents,  in  part,  fine- 
grained intermediate  to  basic  tuff  or  tufTaceous  shale. 
These  meta-tuflrs  may  be  massive  or  thin-bedded. 
Thin-bedded  sequences  of  alternating  black  slate  and 
greenschist  are  often  encountered  (Fig.  11).  Contacts 
between  the  greenschist  and  slate  may  be  sharply  de- 


(0 


.-f~^, 


Figure  11.  Alternating  black  slote  and  greenschist.  Undifferentiated 
Calaveras  Formolion,  west  branch  of  Feother  River  neor  Oro-Concow 
Road. 


fined,  but  more  often  are  vague  and  gradational.  Slate 
adjacent  to  volcanic  strata  is  frequcntl\'  harder  and  less 
easil\-  cleaved  than  normal  slate  and  is  tinted  green. 
Some  schistose  lapilli  tuff,  with  lapilli  averaging  one- 
quarter  to  one-half  inch,  and  a  few  schistose  to  massive 
flows  have  been  recognized.  The  flows  have  been  dis- 
tinguished by  their  content  of  evenl\-  distributed 
aim  gdulcs,  w  hich  may  be  filled  w  ith  quart/,,  calcite,  or 
chlorite.  Massive  or  poorl>  cleaved,  hard,  green  apha- 
nitic  rocks  which  are  interbedded  with  the  slate  at 
man\  localities  are  also  thought  to  be  derivatives  of 
basic  volcanic  rocks  or  ruffaceous  shale. 

Chlorite-albite-epidote  schist  is  the  dominant  rock 
tvpe  seen  in  thin  section.  Schistosity  is  often  made 
apparent  b\'  the  segregation  of  groups  of  certain  min- 
erals into  indefinite  laminae.  The  foliation  is  some- 
times acutely  folded.  The  mineral  assemblage  is  dom- 
inated by  chlorite,  in  minute  flakes,  and  untwinned 
albite,  generall>  present  as  very  fine-grained,  .xeno- 
morphic  aggregates,  but  sometimes  as  long,  thin  sub- 
hedral  laths.  Epidote  minerals,  usuall_\'  represented  by 
clinozoisite  and  minor  yellow  epidote,  are  typically 
present,  though  alw  avs  subordinate  to  chlorite  or  al- 
bite. The>"  most  often  occur  as  small,  subhcdral  prisms 
scattered  throughout  the  rock.  Calcite  occurs  as 
ragged,  irregular  masses  up  to  5  mm  across  or  as  vein- 
lets  in  most  of  the  schist,  and  is  rather  abundant  in 
several  of  the  sections  examined.  Sphene  is  inxariably 
present  in  the  schist,  and  is  comnionl\-  arranged  in 
long,  ragged  trains,  paralleling  and  accentuating  the 
schistosity.  .Minerals  often  occurring  in  minor  quan- 
titv  include  "sericite",  chromite,  hematite,  magnetite, 
and  pumpcllyite  (?).  In  a  greenschist  from  Rich 
Gulch,  ver\  pale  green  actinolite,  rather  than  chlorite, 
is  the  dominant  ferromagnesian  mineral,  although 
some  chlorite,  concentrated  in  irregular  clots,  is  pres- 
ent. The  mineralogy  is  otherwise  similar  to  that  of 
the  chlorite-rich  types.  The  greenschists  are  thought 
to  be  products  of  low-grade  metamorphism  of  basic 
to  intermediate  \olcanic  rocks  and  tuffaceous  sedi- 
ments. In  view  of  the  relativel\-  weak  nature  of  the 
metamorphism  which  the  rocks  have  undergone,  it 
seems  unlikely  that  the\-  were  ever  much  coarser- 
grained  than  the>-  are  at  present.  Relict  textures  have 
not  been  observed,  either  in  hand  specimens  or  in  thin 
sections.  Some  fragmental  structure  is  seen  in  well- 
exposed  outcrops,  however,  and,  if  it  is  original,  might 
well  indicate  that  the  schi.sts  have  been  derived  from 
pyroclastic  rocks.  The  multiple  interlayering  of  thin 
beds  of  greenschist  and  slate  suggests  the  intermittent 
addition  of  fragmental  volcanic  material  (either  by 
volcanic  or  sedimentar\-  processes  or  both)  to  a  basin 
otherwise  receiving  normal  nonvolcanic  sediments 
(clay,  silt,  etc.). 

Trending  northw  est  over  the  southern  end  of  Jor- 
dan Hill  is  a  belt  of  dense,  more  or  less  massive,  lo- 
callv  thin-bedded,  greenish-gray  rock  which  is  be- 
lieved to  be  a  slightlv  metamorphosed  basaltic  or 
andesitic  tuff.  F.uhedral  cr\stals  or  crystal-fragments 
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of  indeterminate,  altered  plagioclase  (30%)  and  diop- 
sidic  augirc  (10°)  may  be  seen  in  thin  section.  These 
are  accompanied  b\-  fragments  of  cryptocrxstalline 
or  microcrystailine,  nearly  opaque  rocks  (10%),  in 
part  clearly  of  volcanic  origin.  The  fragments  are 
held  in  a  microcrystailine  aggregate  of  partly  recrys- 
tallized  minerals.  The  phigioclase  is  thorough!}-  altered 
to  albite  (?),  calcite  and  "scricite".  Some  crsstais  of 
the  augite  are  partly  rimmed  by  acicular  actinolite. 
Much  of  the  matrix  is  indeterminate,  even  under  high 
power,  but  those  components  which  can  be  recog- 
nized include  albite  (?),  clinozoisite,  epidotc,  chlo- 
rite, sphene,  and  pumpell_\ite  (?).  Disseminated 
throughout  the  whole  are  minute  needle-like  prisms 
of  actinolite.  This  sequence  of  pyroclastics  lies  but 
a  few  hundred  feet  stratigraphicall\-  above  the  top  of 
the  main  northern  belt  of  Pentz  sandstone  and  thus 
may  be  correlative  with  the  basic  pvToclastic  rocks 
which  are  intercalated  w  itli  the  Pentz  Sandstone  Mem- 
ber at  its  t\pc  locality. 

A  massive,  light  greenish-gra\',  porphyritic  kera- 
rophx  re  is  intercalated  with  Calaveras  slate  in  Pingston 
Ravine.  Under  the  microscope,  the  rock  is  seen  to 
contain  phenocrysts  of  unaltered  albite  (An,, — Aus) 
and  a  few  anhedral  phenocrysts  of  partly  uralitized 
augite.  They  are  set  in  a  trachytic  to  pilotaxitic 
groundmass  consisting,  in  large  part,  of  albite  micro- 
lites.  Minute  grains  of  epidotc,  clinozoisite,  sphene, 
and  ilmenite  (.-)  are  disseminated  throughout  the  rock. 
A  few  small  spherical  amygdules  of  chlorite  and  gran- 
ular quartz  mav  be  seen. 

Quartz-bearing  \'olcanic  rocks  appear  to  be  excep- 
tional in  the  bedrock  terrane  of  the  Oroville  quadran- 
gle. The  only  occurrence  of  such  rocks  known  to  the 
writer  are  the  lenticular  dacite  flows  (?)  which  are 
intercalated  with  the  undifferentiated  Calaveras  forma- 
tion on  Hump  Hill  and  just  south  in  the  canyon  of 
Grizzly  Creek.  In  hand  specimen,  the  rock  is  typically 
medium-bluish-gra\'  to  very  dark-gray,  massive,  and 
porpiiyritic.  Sub-equidimensional  phenocrysts  of  glassy 
quartz  and  plagioclase,  set  in  an  indeterminate,  micro- 
crystalline  groundmass,  are  plainly  visible.  Under  the 
microscope,  the  rock  is  seen  to  be  slightly  brecciated. 
Fragments  of  both  phenocrysts  and  groundmass  rest 
in  narrow,  vein-like  stringers  of  dusty,  nearly  opaque, 
largely  cryptocrystalline  material.  Sphene  (?)  and 
clinozoisite  (?)  are  apparently  the  chief  constituents 
of  these  veinlets.  In  tiie  unbrecciatcd  portion  of  the 
rock,  euhedral  phenocrysts  of  quartz,  plagioclase,  and 
minor  biotite  and  orthoclase  (?)  together  constitute 
about  15  percent.  These  are  set  in  a  microcrystailine, 
allotriomorpliic  granular  groundmass  ilominated  by 
quartz  and  feldspar  and  containing  scattered  crjstals 
of  clinozoisite,  biotite,  epidote,  and  scattered  euhedral 
microlites  of  feldspar. 

Isolated,  lensoid  masses  of  bedded  chert  occur  at 
many  horizons  throughout  the  Calaveras  section.  Most 
commonly  the  rock  is  light-colored— white,  light  gray, 
light  grayish-green— but  at  many  localities  is  red,  dark 


green,  or  black.  Bedding,  where  present,  is  always 
distinct  and  is  often  rh\thmic  in  beds  ranging  from 
about  2  inches  to  '/,  incii  in  thickness.  The  chert  is 
generall\'  microcr\stalline,  but  occasionally  exhibits 
(ine-grained  crystallobalastic  texture  where  it  has  been 
rccrystallized.  Thus,  the  masses  of  metachert  enclosed 
\\  ithin  the  mcta\-olcnnic  belt  north  of  Deadwood  Creek 
show  a  fine-grainetl,  sugar\,  quartz-fabric  and  the  de- 
velopment of  minute  muscovite  flakes  on  incipient 
schistosit\-  surfaces.  Much  of  the  chert  has  been  mark- 
ecll\  sheared,  and  irregular  cleavage  has  been  superim- 
posed on  original  bedding  to  produce  a  "bundle"  of 
small  lensoid  sheets.  At  a  few  localities,  the  chert  has 
been  brecciated  and  recemented  by  microcrystailine 
(piartz.  Many  of  the  chert  masses  grade  insensibly 
through  slat\-  chert  and  siliceous  slate  to  normal  slate, 
apparently  free  from  notable  siliceous  content.  Man\- 
of  the  chert  bodies  in  the  Calaveras  have  a  close  spatial 
relationship  to  metavolcanics.  For  example,  on  the 
West  Hranch  near  the  mouth  of  Rich  Clulch,  massive 
light  gray  chert  is  interbedded  with  contorted  chlorite 
schist;  in  any  one  outcrop  one  or  the  other  type  may 
predominate.  Where  the  chert  is  dominant  the  schist 
appears  as  contorted  beds  or  veinlets  throughout  the 
chert;  on  the  other  hand,  large,  white,  rounded  "pods" 
of  white  chert  may  occur  in  the  dominant  schist,  with 
the  schistosit\-  curving  around  the  clasts. 

Microscopicall\',  the  chert  often  shows  a  marked 
variation  in  grain-size,  even  within  one  thin  section. 
The  variants  are  arranged  as  parallel,  lenticular  lamel- 
lae. Quartz  dominates  the  simple  mineral  assemblage, 
and  occurs  in  a  granoblastic  mosaic  of  slightly  elon- 
gated xenomorphic  crystals  which  rarely  exceed  0.1 
mm  in  length.  White  mica,  which  may  locally  form 
15  percent  of  the  rock,  occurs  as  isolated,  minute, 
euhedral  plates  or  as  aggregates  of  plates.  These  show 
a  strong  preferred  orientation  parallel  to  the  laminae. 
Veinlets  of  late  quartz  often  transect  the  rock  at  right 
angles  to  the  schistosity. 

Limestone  occurs  at  many  localities  in  the  Calaveras, 
but  few  of  the  bodies  are  large  enough  to  map  on  the 
present  scale.  Of  these,  several  large  lenticular  masses 
He  interbedded  u  ith  the  slates  east  and  south  of  Parish 
Camp,  one  lies  east  of  Nelson  Bar,  and  small  bodies 
occur  north  of  Nelson  Bar  and  southeast  of  Lime 
Saddle,  respectively.  The  rock  is  light  gray  on  weath- 
ered surfaces,  but  when  freshly  fractured,  is  dark  gray 
to  black.  The  limestone  is  usuall\'  dense,  hut  some  re- 
crystallization  to  coarse-grained  calcite  has  occurred 
localK'.  Shearing,  whose  effects  have  been  accentu- 
ated t)\  dilTcrential  weathering,  is  often  indicated,  and, 
w  here  present,  trends  parallel  to  the  cleavage  of  the 
enclosing  slate.  Recognizable  bedding  was  obserxcd  at 
onl\  one  locality;  on  the  Upper  Miocene  Canal,  two 
miles  north  of  Cape  Horn,  thin-bedded  limestone  car- 
ries rh\  thmicall\-  spaced  partings  of  gra\-  chert.  Small 
"pods"  of  limestone  ranging  from  a  few  inches  to 
several  feet  in  maximum  dimension  occur  at  many 
localities  in   the   slate.  Differential  weathering  of  the 
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limestone    has    produced    roiitjh,    hackl\-    surfaces   and  age  as  those  of  Bass's  ranch*,  which  are  pronounced  by 

miniature,  sralactite-lincd  caverns.  Where  large  masses  '^^^-   ^""^   '".^c   Carboniferous.   Producms  semirccticu- 

,-   I                     1-              .          I    II     1                       ►•     I      1  (T  ''""^    snd    Spirtfer    Imeatus    were     recognized    by     Mr. 

ot   hmestone   he  on  steep  liiilsides  near-vertical  ciirrs,  Gabb                                                         »              i 

up  to  150  feet  in  height,  are  often  observed.  This  fea- 
ture  is  perhaps   indicative   of  the   major  role  of  the  Whitne\-  apparently  referred  to  the  same  limestone 
mechanical,  rather  than  chemical,  side  of  weatiiering  bod\-  from  which  the  writer  collected  the  corals  noted 
at  the  present  time.  .Most  of  the  limestone  lacks  any  above. 

obvious  organic  structures,  but  some  is  locally   rich  The  Calaveras  Formation  was  generally  considered 

in  fragmentary  crinoid  stems.  Several  small,  indeter-  to  be  of  Mississippian  age  until  1951,  when  Taliaferro 

minatc  gastropods  were  collected  from  limestone  east  published  the  following  statement  regarding  the  unit 

of   Nelson   Bar,  and  a  few  specimens  of  coral  were  (p.  119): 

found  in  the  large  lens  east  of  Parish  Camp.  .-    ,     ^         „,      ,             ,•      ^ 

,,     ,         ,          ■                      „     .     r  .1      r         .          •     In  that  part  of  the   Sierra   Nevada  extending  from  the 

Under  the  micro.scope,  most  of  the  hmestone  is  seen  American  River  south^^ard  to  the  Merced  River  the  oid- 

to  conist  of  a  ver>-  fine-grained  granoblastic  aggregate  ^5^  i,,„„^.„  ^ocks  arc  Paleozoic.  These  consist  of  slates, 

of  anhedral   calcite.   Occasional   thin   lenses   of  coarse-  sandstones,  conglomerates,  limestones,  cherts  and  volcanics 

sjrained  calcite  occur  amidst  the  tiner-grained  aggre-  that  have  been  folded  at  least  twice  and  intruded  by  ignc- 

gate.  A  few    percent  of  dctrital  quartz  or  chert  may  T\'°t^-  '^''"'  'f  '-•^|'<=d  the  Calaveras  group  and  un- 

P                         '          ,             •        o     •                r  doubtedly  consist  of  rocks  of  several  ages.  Just  how  much 

be  present  as  angular  grains.  Stringers  of  opaque,  car-  ^f  ^^e  Paleozoic  is  represented  is  unknown  but  it  is  known 

bonaceous     (?)     material     arc     arranged     along    shear-  that  sediments   and   volcanics   ranging   from    Mississippian 

planes.  (Lower  Carboniferous)    age  through   Upper   Permian   are 

Samples    from    the    two    largest    limestone    lenses    in  represented.  In  all  previous  publications  the  Calaveras  has 

r                         1         J      1         •      11        T-L             1  been  stated  to   be  or   Mississippian   age.   However,   in  the 

the  area  w  ere  analysed  chemically.  The  analyses  are  summer  of  1948  a  party  of  students  working  under  the 

listed  below   (Table  2).  direction   of  the   writer  found   fossils  of   Upper  Permian 

age  in  "Calaveras"  limestones  a  few  miles  east  of  the  east- 

Tob/e  2.     Porfio/  chemical  analyses'  of  limestone  samples.  £j„   boundary   of  Sacramento   County.   In   other  localities 

No.  1**                    No.  2**  Lower   Carboniferous   fossils    have   been   found    in   "Cala- 

CaO                                       53.96                        53.08  veras"  limestones.  Thus  the  "Calaveras  group"  actually  is 

MgO    -  - - 1.20                          .60  a  heterogeneous  assemblage  of  rocks  of  Upper  Paleozoic 

AlsOs  .23                          .39  age.  In  fact,  it  may  contain  rocks  of  Lower  Paleozoic  age 

SiOii 28                           2.22  also. 

FeiOs  .11  .11 

''=°'    °^                      ■'"  A  few  writers  have  subdivided  the  Calaveras  Forma- 

•  Analyst:   Martin    P.    Quist   for   Abbot  A.    Hanks,    Inc.,    San    Francisco.  •            •        ,,„_:„„<,    norfc    r>f    tUf    Siprra     Mpi'aHi       Mpnfion 

••No  1-  Center  of  south  margin  of  2oofooi  by  1,000-foot  lens,  NWV4  tiou  lu  V arious  parts  ot  tne  sicrra  iNevaoa.  /Mention 

Nw'i  sec^  8,  T21N,  R4E  M.D^B.M.                    kjwi-mf,/  has  alreadv  bcen  made  of  Llndgren's  fivefold  subdivi- 

No.   2:    Near    southeast    end    of    400-foot    by    800-foot    lens,    NWV4    Nt'/4  •                                                              ^ 

sw'/4  Sec.  17,  T21N,  R4E,  M.D.B.M.  siou  of  the  Calavcras  of  the  Colfax  area.  Ferguson  and 

„,          ,      ,-            .     ^      .,     ^        ,  •      ,      ^  I  Gannett  (1932,  pp.  6-12),  working  in  the  Alleghany 

The  only  diagnostic  rossi  s  round  in  the  Calaveras  u  j-  .  •  .        Ti      r  r^        •      n       » r     j  i  •   j         ! 

^           .      -,       ,^        .                  ^            1          ,•  gold  district  south  of  Dowmeville,  utilized  Lindgren  s 

Formation  by  the  writer  came  from  a  large  limestone  "   ■          ,              •      ■  ,         j jv       i  c         .•         r^u 

,         ,   .         •            11-11             1       f  rf   •  1     /-  units  and  recognized  two  additional  formations.  iJiller 

lens   lying   east   and   slightly   south   of  Parish   Camp  ^^^_^^^,  j^^g^         ,           differentiated  the 

(Locality  no.   1 ).  The  specimens  xv-ere  .submitted  to  Calaveras  strata  in  the  TaylorsviUe  region,  and  recog- 

Dr.  Ralph  L.  Langenheim   ^^'ho  has  furnished  the  fol-  ^-^^^  ^^^^^  formations  there.  Undoubtedly  the  Cala- 

lowing  statement      regarding  them.  ^,^^^^  Formation  as  it  is  mapped  in  the  Oroville  quad- 

The   specimens   are  tetracorals   with   approximately   50  rangle  is  in  part  correlative  with  the  Calaveras  of  some 

septa,  a  columella,  and  possibly  with  a  dissepimentarium.  previousK'  Studied  areas.  However,  to  what  e.xtent  the 

Their  age  is  probably  Late  Paleozoic  and  is  likely  to  be  .            ■      ,.    .  .                       •      i   •          i                             i 

Permian.  Fragments  of  crinoid   stems   are  present  in   the  ^'^"ous  subdivisions  recognized  in  other  areas  can  be 

insoluble  residue.  applied  to  these  Strata  is  not  known.  Converse!)',  be- 

_,     ,.                •        1  •  1     1     r      -1               •               •  cause  of  the  gross  lenticularitv  of  the  several  subdi- 

The  limestone  in  ^^•hIch  the  fossils  occur  is  approxi-  ^-^^^^^  ^f  ^^e  Calaveras  in  the  Oroville  quadrangle, 

mately  3000  feet  stratigraphically  below  the  base  of  ^^j  because  of  the  metamorphism,  structural  compli- 

the  Pentz  Sandstone  Member  and  is  thus  in  the  lower  ^^tj^ns,  discontinuity  of  regional  outcrops,  and  paucity 

one-third  of  the  Calaveras  Formation  as  it  is  exposed  ^f  f^^sils  displayed  i)y  the  Calaveras  rocks  throughout 

in  the  Oroville  quadrangle.  \\  hitney  (1895,  pp.  209-  ^^e  Sierra,  it  appears  unlikely  that  any  of  the  members 

210)  collected  fossils  from  a  hmestone  near  Pentz.  He  proposed  by  the  writer  can  be  recognized  in  other 

sf^ted:  areas. 

.\bout  one  and  a  half  miles  northeast  of  Pence's  [Pentz]  The  thickness  of  the  Calaveras  Formation  in  the 

are  large  outcrops  of  limestone  interstratified  with  the  Qroville  quadrangle  is  approximately  11,000  feet.  The 

auriferous   slates.  ...  The   best   specimens   were   obtained  _  ,             ^.            i     i   •               i                i'                                     e 

near  the  bend  of  a  small  canyon  called  "West  Branch".  Calaveras  IS  underlain  at  the  northeastern  corner  of 

.  .  .  The  fossils  found  in  these  limestones,  although  im-  the  area  by  schistose  metavolcanic  rocks  of  possibly 

perfect,   are   sufficient   to   identify    them   as   of   the   same  

*  Bas-s's  Ranch,  about  15  mi.  NE  of  Shasta  City,  Shasta  County, 

•  vV  ritten  communication,   1955.  California. 
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Figure    12    (left).      Fracture    cleavage    in    thin-bedded    tuff    or    volcanic 
sandstone.  Oregon  City  Formation.  Campbell   Flat. 

Figure     13     (below).     Sheared     tuff -breccia.    Oregon     City     Formation. 
Campbell  Flat. 
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Figure  14  (below,  right).  Amygdaloidal  blocks  in  tuff-breccia.  Oregon 
City  Formation.  East  bonk  of  Feother  River  about  a  mile  north  of 
Oroville. 

Figure  15  (below).  Amygdaloidal  block  In  sheared  tuff-breccia.  Ore- 
gon City  Formation,  Campbell  Flat. 
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late  Paleozoic  age.  The  conrnct  there  is  not  exposed, 
but  appears  to  be  rather  weii-detitied  and  nia>-  repre- 
sent a  fault.  The  oldest  rocks  o\erl\ing  the  Calaveras 
are  tlie  volcanics  and  volcanic  sediments  of  the  Ore- 
gon Citv  Fornuuion.  The  contact  is  apparently  a 
sharp  angular  unconfoniiit\-,  but  because  the  struc- 
tural relationships  in  the  iuiiiicdiate  vicinit\-  are  not 
clearly  understood,  this  is  not  certain. 

In  sunimar)-,  the  Calaveras  Formation  as  it  is  ex- 
posed in  the  Oroville  quadrangle  is  a  thick  succession 
of  sedimentar>-  and  volcanic  rocks  \vhich  have  been 
subjected  to  low-grade  regional  nictamorphism.  The 
iitholog)'  of  the  Calaveras  is  dominated  b\  carbona- 
ceous slate  and  phyllite,  sheared  graywacke  and  gray- 
wacke  conglomerate,  and  basic  to  intermediate  extru- 
sive volcanic  rocks  (at  least  some  of  which  are  mem- 
bers of  the  spilite-keratoplu're  association).  Less 
abundant  but  widespread  types  include  bedded  chert, 
siliceous  slate,  tuffaceous  (?)  slate,  and  carbonaceous 
limestone.  Thus,  the  lithologic  assemblage  found  in  the 
Calaveras  Formation  of  this  area  has  much  in  common 
with  the  association  which  is  often  cited  as  t\pifying 
geos\nclinal  deposits  as  a  whole  (Bailey,  1936;  Jones, 
1938;  Eardley,  1947;  Knopf,  1948;  Kay,'  1951). 

The  thick  sequence  of  sedimentary  and  volcanic 
strata  included  in  the  Calaveras  Formation  was  depos- 
ited in  the  western  portion  of  the  Paleozoic  Cordil- 
leran  geosyncline.  This  part  of  the  geosyncline  was 
termed  the  "Pacific  trough"  by  Eardley  (1947,  p. 
309).  Kay  (194~,  pp.  1291-1292)  proposed  the  term 
"Eraser  belt"  for  the  rocks  deposited  in  this  part  of 
the  geosyncline.  Eardle\-  (1947)  has  discussed  the  vari- 
ous aspects  of  the  Paleozoic  Cordilleran  geosyncline 
and  the  otogenic  movements  related  to  it,  and  has 
postulated  a  volcanic  island  arc  system  along,  or  just 
west  of,  the  present  Picific  coastline  during  the  Paleo- 
zoic. The  Calaveras  Formation,  as  it  occurs  in  this 
area  and  in  other  parts  of  the  Sierra,  seems  to  typify 
the  close  association  of  volcanic  rocks  and  geosyn- 
clinal  sediments  which  has  long  been  recognized.  The 
t\pe  of  geosyncline  in  which  such  an  association  oc- 
curs has  been  termed  an  eugeos\ncline  (Kay,  1947, 
p.  1291;  1951,  pp.  32-33). 

The  sedimentation  and  volcanism  which  had  com- 
bined to  form  the  deposits  now  embraced  b\-  the 
Calaveras  Formation  were  brought  to  a  close  by  the 
collapse  of  the  geosyncline  at  or  near  the  end  of  the 
Paleozoic.  The  available  evidence  indicates  that  fold- 
ing, perhaps  intense,  took  place  at  that  time.  To  w  hat 
extent  the  involved  rocks  were  affected  b\'  metamor- 
phism  at  that  time  is  not  clear,  since  the  effects  have 
been  masked  b\-  those  produced  b>-  a  later  orogen\'— 
the  Xevadan  revolution.  The  contrast  in  degree  of 
metamorphism  between  the  Paleozoic  rocks  and  the 
Mesozoic  rocks  may  well  indicate  an  earlier  metamor- 
phism, although  some  of  the  differenecs  observed 
might  be  explained  as  the  result  of  differences  in 
stratigraphic  position. 


Oregon  City  Formation 

The  name  OfUiraii  City  Formation  is  proposed  for 
a  sequence  of  extrusive  volcanic  and  volcanic-sedimen- 
tar\-  rocks  w  hich  has  been  mapped  o\cr  much  of  the 
southeastern  part  of  the  area.  Oregon  City,  the  type 
locality,  is  in  sec.  16,  T.  20  N.,  R.  4  E.  The  available 
evidence  indicates  that  at  least  a  part,  if  not  all,  of 
these  rocks  arc  of  .Middle  Jurassic  age.  The  formation 
includes  a  wide  variety  of  intermediate  to  basic  pyro- 
clastic  rocks  and  flows  and  large  quantities  of  vol- 
canic-sedimentary rocks  of  similar  composition.  These 
rocks  typify  the  term  "greenstone"  as  used  for  green 
metavolcanic  rocks  of  intermediate  to  basic  composi- 
tion. 

B\-  far  the  best  exposures  of  the  Oregon  City  For- 
mation lie  in  the  canyon  of  the  Feather  River,  north 
and  cast  of  Oroville.  The  river  has  been  cut  almost 
entirely  in  bedrock,  and  many  parts  of  the  canyon 
are  characterized  by  a  broad  stream-cut  bench  behind 
the  present  riverbank  on  which  the  greenstones  are 
well  exposed.  (Fig.  7)  North  of  the  river,  discontin- 
uous outcrops  extend  for  eight  and  one-half  miles  to 
Red  Hill  and  Rocky  Peak.  Within  the  northern  part 
of  the  outcrop  area,  the  formation  is  conspicuousl>' 
exposed  in  the  vicinity  of  Oregon  City,  the  type  lo- 
cality, and  at  Cherokee,  where  a  pre-Miocene  stream 
channel  has  been  exhumed  by  erosion  and  mining  op- 
erations. South  of  the  Feather  River,  fresh  outcrops 
of  the  formation  are  sporadic,  and  much  of  the  area 
has  been  covered  by  Quaternary  sediments.  The  west- 
ernmost outcrop  of  the  Oregon  City  Formation  lies 
in  Thompson  Flat,  at  the  southern  base  of  South 
Table  Mountain. 

Pyroclastic  rocks-tuff-breccia,  tuff,  and  perhaps 
agglomerate— and  their  cpiclastic  derivatives-volcanic 
sandstone  and  volcanic  conglomerate— characterize  the 
Oregon  City  Formation.  Lava  flows  are  an  interesting 
but  subordinate  component.  These  rocks  are  of  basal- 
tic and  andesitic  composition,  and  are  usually  light 
gravish-green,  greenish-gray,  or  dark  green  when 
fresh.  When  weathered,  however,  they  alter  to  vari- 
ous shades  of  red,  yellow,  or,  under  extreme  condi- 
tions, white.  Except  where  the_\'  have  been  w  eathered, 
the\-  are  extremely  well  indurated. 

Tuff  makes  up  a  major  part  of  the  Oregon  City 
Formation.  .Much  is  massive,  but  some  bedded  types 
occur.  Bedding  may  be  manifested  by  variations  in 
grain-size,  by  concentration  of  dark  minerals  along 
bedding  planes,  or  sometimes  b\-  thin  partings  of  slate. 
Small-scale  cross-bedding  and  slump-bedding  are 
sometimes  observed,  indicating  that  at  least  a  part  of 
the  pyroclastic  material  was  water-deposited.  "Saus- 
suritizcd"  plagioclase,  augite,  and  lithic  fragments  are 
the  principal  constituents  recognized  in  hand  speci- 
mens. The  tuff  varies  from  extremely  fine  to  coarse- 
grained. Angular  lapilli  of  porph\ritic  volcanic  rocks 
are  often  present,  and  in  many  places  the  tuff  grades 
into  lapilli  tuff.  The  finer-grained  tuff,  as  well  as  some 
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of  the  breccia,  may  possess  a  well-defined  fracture 
cleavage  (Figs.  12,  13),  but  true  schistosit\'  was  ob- 
served at  relative!)-  few  points.  In  general,  the  rocks 
in  the  northernmost  part  of  the  outcrop  area  appear 
to  have  been  deformed  more  than  those  to  the  soutii. 
Under  the  microscope  the  tuff  consists  esscntiall\-  of 
angular  to  subangular  fragments  of  microcrystalline  or 
porph\ritic  volcanic  rocks,  partl\'  or  wholly  altered 
plagioclase,  and  relatively  fresh  augite.  These  are  held 
in  a  subordinate,  microcr\'stalline,  largel\-  indetermi- 
nate matrix  which  ma\'  include  chlorite  as  a  principal 
constituent.  The  larger  lithic  chips  commonK'  show 
trach>tic  te.xture  and  frequently  carr\-  minute  aniyg- 
dules.  Veinlets  filled  with  secondary  minerals  such  as 
clinozoisite  commonl\-  transect  the  rock.  .\  textural 
feature  tiiought  to  be  diagnostic  of  pyrociastic 
(rather  than  cpiciastic)  origin  is  the  abundance  in 
some  of  the  tuff  of  sharply  angular  splinters  of  the 
various  components. 

Certainly  the  most  striking  rocks  of  the  Oregon 
City  Formation  are  the  thick  accumulations  of  coarser 
volcanic  ejecta  with  which  the  tuff  is  intimately  as- 
sociated. I.apilli  tuff  and  coarse  tuff-breccia  occur 
at  many  horizons  in  the  section.  These  are  usually 
very  ill-sorted  with  respect  to  size  of  fragments, 
and  there  may  be  all  gradations  into  the  tuffaceous 
matri.x.  The  fragments  in  both  types,  up  to  IVi 
feet  across  in  the  tuff-breccias,  are  angular  to  sub- 
angular  and  may  often  be  highl\'  am\'gdaloidal  (Fig. 
15).  Spheroidal  or  ellipsoidal  amygdules  of  white 
quartz,  as  much  as  one-half  inch  across,  arc  common. 
Fillings  of  calcite  or  of  chlorite  are  less  frequentl\-  en- 
countered. Most  of  the  fragments  are  porphyritic,  and 
phenocrysts  of  augite  and  "saussuritized"  plagioclase 
are  recognizable  in  man\-  of  these.  Unlike  the  associ- 
ated tuff,  units  of  the  coarser  psroclastic  rocks  seldom 
exhibit  internal  stratification.  Where  bedding  does 
occur,  it  is  rarely  well-defined.  In  relatively  few 
places  can  shearing  be  recognized  in  these  rocks;  more 
often  the\-  are  massive  in  all  respects  except  for  the 
presence  of  several  sets  of  widely  spaced  joints. 
The  writer  is  of  the  opinion  that  the  tuff-breccia  and 
lapilli  tuff  may  have  been  emplaced  as  volcanic  mud- 
flows.  Certain  of  their  features,  as  seen  in  the  field, 
bring  to  mind  the  mudflows  of  the  Tuscan  and  Mehr- 
ten  Formations  (Tertiary).  The  overall  lack  of  sort- 
ing and  internal  stratification,  the  angular  or  subangu- 
lar shapes  of  the  blocks,  and  the  apparent  wide  lateral 
extent  of  the  deposits  are  all  suggestive  of  such  a  mode 
of  origin. 

In  thin  section,  all  of  the  blocks  and  lapilli  from  the 
coarser  pyroclastics  are  seen  to  consist  of  non-frag- 
mental  volcanic  rocks,  and  of  these,  porphyritic  types 
far  outweigh  the  non-porphyritic  or  sparinglx  por- 
phyritic varieties.  Some  of  the  porphyritic  types  are 
in  part  glomero-porphyritic.  The  groundmass  is  usu- 
ally microcrystalline  with  a  felted  or,  less  often,  pilo- 
taxitic  texture.  Euhedral  to  subhedral  phenocrysts  of 


rather  fresh  augite  are  rarely  absent  and,  in  some 
specimens,  may  constitute  as  much  as  3.^  percent  of  the 
rock.  Infrequently,  the  augite  shows  some  incipient 
uralitization  and  chloritization.  Plagioclase  pheno- 
cr\sts,  in  part  or  totally  altered,  are  commonly  pres- 
ent, but  in  most  rocks  are  quite  subordinate  to  those 
of  augite.  On  the  other  hand,  microlites  of  plagioclase 
are  abundant  in  the  groundmass  of  most  specimens, 
and  in  some  cases  total  40  percent  of  the  rock.  In  most 
instances,  alteration  of  the  feldspar  appears  to  have 
been  of  the  "saussuritic"  t\pe,  intiicating  that  the  orig- 
inal feldspar  w  as  somew  hat  calcic.  In  some  specimens, 
however,  the  feldspar  does  not  appear  to  have  l)cen 
appreciably  altered,  and  is  of  rather  sodic  composition. 
The  groundmass  in  most  specimens  has  a  dust\-,  partly 
opaque  appearance.  While  much  of  it  is  indeterminate, 
some  minerals  can  be  identified.  These  include  feld- 
spar, chlorite,  sphene,  and  epidote.  Clinozoisite  often 
"occurs  as  small,  isolated  granules,  and  sometimes  ma\' 
be  present  in  considerable  quantit\-.  Few  of  the  frag- 
ments are  totally  without  am\gdules,  and  many  are 
highly  amygduloidal.  Filling  the  amygdules,  either  in 
combination  or  separately,  are  chlorite,  quartz  and 
calcite,  and,  less  commonly,  epidote,  clinozoisite,  or 
albite.  The  blocks  and  lapilli  are  largely  of  basalt  and 
andesite,  but  some  rocks  having  keratophyric  and 
spilitic  affinities  may  also  be  present. 

Flows  are  intercalated  w  ith  the  pyrociastic  rocks  at 
man\'  localities.  Poorly  developed  flow-banding  was 
observed  in  a  few  outcrops,  but  more  often  the  flows 
are  massive,  being  of  uniform  granularit\'  and  color. 
The\'  tend  to  he  hard  and  aphanitic  or  microcrystal- 
line, and  a  great  many  contain  abundant  quartz-  or 
calcite-filled  ani\  gdules.  The\-  arc  markedh  similar  to 
the  fragments  found  in  the  associated  tuff-breccia.  In 
places,  porphyritic  flows  w  ith  abundant  augite  pheno- 
cr\sts  occur.  Along  the  Feather  River,  near  Sycamore 
Hill,  contiguous  flows  make  up  several  hundred  feet 
of  section.  One  of  these  exhibits  well-defined  pillow- 
structure.  The  individual  spheroids  are  amygdaloidal 
and  have  diameters  of  two  or  three  feet;  they  are  .sep- 
arated by  thin  la\ers  of  pale-grccn,  thinlv  laminated 
chert. 

A  fine-grained,  slightly  porphyritic  flow  (?)  from 
the  schoolhouse  at  Oregon  City  was  analyzed  chem- 
icall)-,  and  the  results,  with  normative  composition 
and  certain  of  the  oxide-ratios,  are  presented  in  Table 
3.  In  thin  section,  this  rock  is  seen  to  be  dominantl\' 
fine-grained,  with  an  intersertal  texture.  The  presence 
of  scattered  crystals  of  slightly  larger  size  than  the  rest 
lends  a  somewhat  porph\ritic  aspect  to  the  whole. 
The  principal  minerals  are  sodic  plagioclase  (Anio- 
An,:i;  50-55%),  diopsidic  augite  (30  -),  and  chlorite 
(10-15°'o).  Most  of  the  plagioclase  occurs  in  ncarl\ 
euhedral,  elongate  crystals,  whereas  the  augite  is  cu- 
hcilial  or  slightly  subhedral.  Chlorite  fills  occasional 
small  am\gdules,  but  more  often  is  present  as  the  in- 
tersertal material  between  the  finer-grained  plagioclase 
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Figure    16.      Jointed    tufF-breccia.    Oregon    City    For- 
mation,  Feather   River,    1    mile   north   of  Oroville. 


Figure  17.  Banded  volconic  conglomerate  and  vol- 
canic sandstone.  Oregon  City  Formation,  Feather 
River    neor   Morris    Ravine. 


Table   3.      Chemical  Analysts  No.  2.* 


Analysis 
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MgO                                           6.08 
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1.17 
15.33 

ICO    48 

NaiO                                       4.03 

..  —    ..    none 
1.26 

HiO  (-    105°C)  .36 

H.O  (+    105°C)   3.12 

CO=                                            .03 

mt  _ _. 

2.16 

PiO-                    .                       .06 

100.08 

MgOiCaO"        =      0.98 
CaO:Na.O**       =      2.40 
Na.O:K.O*-         =    12.72 

'  Analyst;  W.  H.  Herdsman. 
■  Molecular  ratio. 

laths.  The  rock  contains  about  5  percent  of  sphene. 
Epidote,  "sericite",  clinozoisite,  and  prehnite  are  very 
minor  constituents. 
The  chemical  anal>sis  (no.  2)  is  that  of  a  basalt  al- 


though the  alumina  content  is  somewhat  higher  than 
for  most  basalts.  The  analysis  is  similar  to  those  of 
some  of  the  late  Tertiary  olivine  basalts  of  the  Cas- 
cades, and  is  particularly  like  one  reported  by  Thayer 
(1937,  p.  1622,  analysis  no.  4)  for  an  olivine  basalt 
from  the  north-central  Cascades  in  Oregon.  The 
rather  sodic  composition  of  the  plagioclase,  the  rela- 
tively high  values  for  NaoO  and  Na20:KoO,  and  the 
low  CaOrNa^O  ratio  suggest  that  the  rock  may  have 
spilitic  affinities,  although  the  alumina  content  is  well 
above  that  given  for  the  average  spilite  by  Sundius 
(1930,  p.  9).  Also  noteworthy  is  the  rather  close 
agreement  between  certain  features  of  the  chemical 
analysis,  normative  composition,  and  oxide-ratios  of 
this  rock  and  those  of  a  specimen  of  the  porphyritic 
basalt  at  Glover  Ridge.  This  relationship  suggests  that 
the  two  rocks  and  the  units  that  contain  them  may  be 
correlative.  The  rocks  at  Glover  Ridge  are  thought  to 
have  been  emplaced  as  a  shallow  intrusive  mass  and 
possibly  as  a  volcanic  neck.  If  such  is  the  case,  it  may 
be  that  this  eruptive  center  furnished  at  least  part  of 
the  volcanic  material  now  found  in  the  Oregon  City 
Formation. 
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Thick  units  of  volcanic  sandstone  and  volcanic  con- 
glomerate are  frequently  intercalated  w  ith  tlie  p\'ro- 
clastic  rocks,  and  together  constitute  a  considerable 
part  of  the  formation.  They  have  much  the  same  com- 
position as  their  igneous  counterparts,  differing  only 
in  fabric.  The  sandstone  evident!)'  consists  of  material 
directh"  reworked  from  the  p\roclastic  deposits  with- 
out much  addition  of  foreign  debris  and  without  ap- 
preciable rounding  of  the  detrital  grains.  Thus,  con- 
siderable difficult)-  is  often  had  in  distinguishing  be- 
tween the  two  t)pcs  in  hand  specimens,  cspecialh' 
where  the  finer-grained  varieties  are  encountered.  It 
is  probable  that  all  transitions  from  tuff  to  volcanic 
sandstone  exist  among  these  rocks.  It  is  likely  that 
most  of  the  finer-grained  elastics  inrcrbcdded  with 
conglomerate  or  carrying  some  pebbl)  stringers  are 
actually  volcanic  sandstone.  Bedding  may  be  indica- 
tive of  an  epiclastic  rock,  although  tuffs  originating 
in  certain  \\a\s  might  also  be  expected  to  show  some 
bedding.  A  distinction  between  pyroclastic  and  epi- 
clastic t)  pes  in  the  coarser-grained  varieties  is  less  diffi- 
cult. In  all  probabilit)-  many  or  all  of  the  coarser  rocks 
having  rounded  or  subrounded  clasts  are  \olcanic  con- 
glomerate, although  some  agglomerate  might  also  be 
present  in  the  formation.  The  pebbles  and  cobbles  con- 
sist esscntiall)'  of  the  same  rock  t)pcs  as  are  present  in 
the  tuff-breccia  and  lapilli  tuff,  along  with  occasional 
non-\olcanic  rocks  such  as  chert.  Though  these  rocks 
are  rather  ill-sorted  with  regard  to  size  of  clasts,  they 
usually  exhibit  some  degree  of  bedding  (Fig.  17),  a 
feature  rareh'  observed  in  the  tuff-breccia. 

The  Oregon  Cit)-  Formation  is  underlain  by  the 
Calaveras  Formation.  The  exact  nature  of  the  contact 
is  not  clear  because  of  the  structural  complexity  which 
exists  where  the  two  units  are  in  contact.  However, 
it  appears  quite  likel\-  that  an  angular  unconformit)-, 
perhaps  severe,  separates  them.  The  Oregon  City  is 
overlain  conformably  by  the  Monte  de  Oro  Forma- 
tion. The  contact  is  best  seen  on  the  west  flank  of  the 
Monte  de  Oro  s)ncline.  Here,  massive  coarse-grained 
pyroclastic  rocks  of  the  Oregon  City  formation  grade 
into  and  interdigitate  \\  ith  bedded  volcanic  sandstones 
of  the  lower  part  of  the  Alonte  de  Oro  Formation. 

The  greatest  known  thickness  of  the  Oregon  City 
is  approximatel)-  3200  feet,  where  the  formation  is  ex- 
posed in  Morris  Ravine  on  the  \\  est  limb  of  the  Monte 
de  Oro  S)ncline.  The  base  of  the  formation  is  not  ex- 
posed there,  however,  so  that  a  much  greater  thickness 
ma)'  actually  exist.  No  accurate  figure  can  be  given 
for  the  thickness  in  the  northern  part  of  the  area  be- 
cause of  the  uncertainties  which  exist  regarding  the 
structure  there.  It  is  probable,  however,  that  the  thick- 
ness is  of  the  same  order  of  magnitude  as  that  found 
in  Morris  Ravine. 

Mention  has  been  made  above  of  the  transitional 
contact  bet\\een  the  Oregf)n  Cit)'  Formation  -.md  the 
overlying  .Monte  de  Oro  beds.  This  relationship  sug- 
gests that  at  least  the  uppermost  part,  if  not  the  w  hole, 


of  the  Oregon  Cit)-  Formation  is  of  the  same  general 
age  as  the  Monte  de  Oro,  i.e.  .Middle  Jurassic.  The 
Oregon  Cit\'  Formation  is  believed  to  represent  a 
single  episode  of  volcanism,  characterized  by  discon- 
tinuous but  closel)'  spaced  eruptions.  There  appear 
to  be  no  significant  differences  in  bulk  litholog\-  in 
an)-  part  of  the  formation.  No  breaks  representing 
normal,  non-volcanic  sedimentation  are  known,  nor 
can  volcanic  products  other  than  the  intermediate  to 
basic  t)-pes  which  characterize  the  Oregon  Cit\-  be 
found.  Thus  if  the  uppermost  part  of  the  Oregon  City 
I-'ormation  is  actually  .Middle  Jurassic,  it  would  seem 
justifiable  to  assume  that  the  remainder  of  the  forma- 
tion is  Jurassic  as  well,  until  such  evidence  as  may 
be  found  proves  othcrw  isc.* 

Monte  de  Oro  Formation 

The  onl)-  bedrock  strata  in  the  Orov  ille  quadrangle 
dcfinitclv  dated  as  Mesozoic  are  those  of  the  Monte 
dc  Oro  I'Orination.  This  formation  consists  of  dark- 
colored,  slightl)-  sheared,  well-indurated  sandstone, 
silfsfone  and  conglomerate  together  with  some  slate. 
The  litholog)  is  in  marked  contrast  to  the  thick  vol- 
canic sequence  of  the  underl)-ing  Oregon  Citv  Forma- 
tion. The  Monte  de  Oro  was  named  and  first  described 
b)-  H.  \V.   Furncr  (  1896,  p.  549).  He  stated: 

Tlie  slates  of  the  area  are  very  similar  to  those  of  the 
Mariposa  formation  from  known  areas  of  which  they  are, 
however,  widely  separated.  This  plant  bearing  series  may 
be  called  the  Monte  de  Oro  formation,  from  the  point  so 
named  that  lies  just  north. 

Brief  references  to  these  beds  appeared  in  the  liter- 
ature from  time  to  time  in  connection  with  the  fossil 
flora  preserved  therein  (cf.  Fontaine,  1900;  Knowlton, 
1910).  Diller  (1908a,  pp.  389-390)  devoted  several 
pages  to  the  Monte  dc  Oro,  and  his  discussion  was  the 
most  complete  of  an)    published  up  to  that  time.  Re- 

"  In  1955,  since  completion  of  this  manuscript,  a  single  am- 
monite was  collected  by  the  writer  (acting  on  the  advice 
of  Professor  C.  M.  Gilbert)  from  rocks  mapped  as  Ore- 
gon City  Formation  on  the  north  bank  of  the  Feather 
River  (cast  edge  of  sec.  4,  T.  19  N.,  R.  4  E.;  Stanford 
L'niv.  Mus.  Paleontology  locality  no.  9065).  This  specimen 
was  subsequentK'  identified  1)>-  Professor  S.  \\'.  Muller  of 
Stanford  University  as  Perispbiiictes  sp.  Professor  Muller. 
in  a  letter  dated  .May  II,  1956,  stated  that  "I  would  venture 
a  guess  that  it  is  a  Perispkinctes  in  the  broadest  sense  and 
is  probabK-  of  Late  Jurassic  (O.xfordian)  age.  Please  bear 
in  mind  that  I'crisphiiictcs-Vikc  forms  also  occur  in  the  next 
higher  Kimmcridgian  stage."  On  the  basis  of  this  determi- 
nation the  Oregon  City  Formation  probably  is,  at  least  in 
part.  Fate  Jurassic. 

If,  as  is  suggested  b\-  this  find,  the  Oregon  Cit\-  is  actu- 
ally of  Oxfordian  age,  it  seems  likely  that  the  formation 
is  correlative  with  the  Logtown  Ridge  Formation,  mapped 
farther  south  in  the  Sierran  foothills  b\-  various  workers. 
The  Logtown  Ridge  strata,  to  which  the  rocks  of  the 
Oregon  City  bear  a  close  resemblance,  are,  at  the  type 
locality  on  the  Cosumnes  River,  Upper  Jurassic  (i.e.  mid- 
dle Callovian  (?)  to  upper  Oxfordian  (?);  Imlav,  1961, 
p.  l)-6). 
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garding  the  lithology,  stratigraphw  and  structure  of 
the  formation,  he  wrote: 

The  conglomerates  of  the  plant  beds  contain  many 
pebbles  like  tliosc  of  the  tuffs  ....  There  are  in  the  same 
region,  at  a  ilifferent  horizon,  other  masses  of  fossiliferous 
tutTaccous  sandstone  interbedded  with  the  regular  tutTs. 
Mr.  Storrs  recently  discovered  a  small  one  on  the  north 
bank  of  the  Feather  River,  one-fourth  mile  west  of  the 
mouth  of  .Morris  Ravine,  and  the  fossil  shells  it  contains 
are  the  same  as  those  of  the  Banner  Mine  area.  The  bulk 
of  the  evidence  supports  the  view  that  the  deposition  of 
the  plant  beds  at  Oroville  occurred  during  a  quiet  interval 
in  the  time  of  volcanic  activit)',  but  it  is  not  yet  certain 
that  they  arc  not  later  and  occupy  a  syncline  folded  into 
the  underlying  volcanics  ....  The  fact  that  the  conglom- 
erates and  sandstones  are  mainly  along  the  borders,  with 
slates  prevailing  in  the  middle  of  the  area,  suggests  that  the 
mass  may  be  an  apprest  syncline. 

The  most  recent  discussion  of  the  formation  is  by 
Tahaferro  (1942,  pp.  90-92).  As  Diller  suspected  and 
as  Tahaferro  asserted  (p.  90),  these  sediments  "are 
preserved  in  the  deepest  part  of  the  trough  of  a  tightl\ 
compressed  overturned  syncline".  Thus  they  are  lim- 
ited in  area!  distribution  to  a  narrow  belt  north  and 
east  of  Oroville.  Outcrops  e.xtend  from  a  short  dis- 
tance south  of  the  Feather  River  northward  to  an  arm 
of  North  Table  Mountain,  where  the  beds  disappear 
beneath  flat-l\ing  Tertiar\-  strata.  The  east  flank  of  the 
syncline  is  in  contact  with  the  Oregon  City  volcanics 
along  a  fault.  South  of  the  Feather  River,  the  syncline 
is  obliqueh'  truncated  by  the  same  fault,  and  outcrops 
of  the  .Monte  de  Oro  were  not  observed  south  of  that 
point. 

On  the  \\est  side  of  the  Feather  River,  about  one 
mile  upstream  from  Oroville,  the  writer  observed  a 
thin  stratum  of  pebble-conglomerate  and  sandstone 
much  like  that  of  the  .Monte  de  Oro  at  the  type  local- 
ity. This  is  probably  the  same  as  the  belt  noted  by 
Diller  (1908a,  p.  390)  lying  "one-fourth  mile  west  of 
the  mouth  of  .Morris  Ravine",  and  "interbedded  with 
the  regular  tuffs".  These  beds  dip  steeply  toward  the 
east;  graded-bedding  and  small-scale  cross-bedding  in- 
dicate that  they  are  not  overturned.  They  thus  lie  on 
the  west  flank  of  a  s\ncline  whose  axis  is  about  one 
mile  west  of  the  main  belt  of  iMonte  de  Oro  outcrops. 
These  sediments  appear  to  be  interbedded  w  ith  the 
Oregon  City  volcanic  rocks  and  may  represent  a 
slightly  higher  horizon  in  the  .Monte  de  Oro  than  the 
base  of  the  formation  at  its  type  section.  At  the  north- 
east corner  of  Thompson  flat,  a  small,  isolated  expo- 
sure of  black,  massive,  carbonaceous  sandstone  crops 
out  from  beneath  Quaternary  stream  gravels.  It  is 
probably  referable  to  the  Alonte  de  Oro,  although 
the  lack  of  exposures  makes  a  valid  structural  inter- 
pretation seem  impractical  in  this  part  of  the  area. 

Slightlv  sheared  argillaceous  sandstone  and  siltstone 
constitute  a  major  part  of  the  iMonte  de  Oro  sedi- 
ments. Conglomerate,  though  the  most  conspicuous 
litholotjic  element,  is  subordinate.  Clav  slate  is  wide- 


spread in  tiie  formation,  but  is  far  less  abundant  than 
siltstone  and  sandstone. 

The  sandstone  is  doniinantl\-  fine-  to  medium- 
grained,  but  all  variations  from  very  fine-  to  very 
coarse-grained  sandstone  arc  known.  It  commonly 
grades,  on  the  one  hand,  into  siltstone  or,  on  the 
other,  into  granule  conglomerate.  That  in  the  lower 
part  of  the  .section  is  greenish-gra\'  and  is  considered 
to  be  volcanic  sandstone.  It  appears  to  be  identical  to 
the  \olcanic  santlstone  of  tiic  undcrl\  ing  Oregon  City 
Formation.  The  bulk  of  the  material  in  the  lowest  part 
of  the  Monte  de  Oro  is  believed  to  have  been  re- 
worked from  the  Oregon  City  \olcanics,  altiiough 
some  tulTaceous  admixture  ma\-  have  been  derived  di- 
rectly from  waning  volcanic  outbursts.  The  volcanic 
sandstone  passes  gradually'  upward  into  non-volcanic 
sandstone.  It  possesses  none  of  the  green  coloration  of 
the  underl\ing  beds,  but  is  \arious  shades  of  gray  or 
bufl^.  It  contains  a  notable  percentage  of  black,  car- 
bonaceous, argillaceous  matrix  material.  Among  the 
grains,  rather  fresh  feldspar  is  abundant,  along  with 
a  noteworthy  amount  of  detrital  chert  and  quartz. 
Fragments  of  slate,  chlorite  schist,  and  dense  volcanic 
rocks  are  present  in  lesser  quantities. 

The  associated  siltstone  is  t\picall\'  black  or  dark 
gray  on  fresh  exposure,  but  weathers  to  light  gray  or 
pale  greenish-bufT.  It  contains  a  considerable  admix- 
ture of  black  clayey  material  and  is  usuall\'  somewhat 
slaty.  The  siltstone  is  frequently  rather  sandy  and 
micaceous.  Black  clay-slate  is  subordinate  to  the  finer- 
grained  elastics.  It  often  weathers  to  the  same  colors 
as  those  seen  in  the  siltstone.  The  cleavage  usually 
exhibits  little  luster,  and  is  irregular  and  imperfectly 
developed.  In  most  cases,  secondary  mica  is  not  dis- 
cernable  with  the  hand  lens.  The  cleavage  surfaces  are 
commonl\-  cluttered  with  fragmentary  but  otherwise 
undisturbed  plant  remains.  The  plants  are  marked  by 
a  lustrous  black  residue  arranged  according  to  the 
original  organic  structures.  The  thin  perfectly  planar 
"roofing-slate  "  type  of  cleavage  was  nowhere  observed 
in  the  slate. 

The  sandstone,  siltstone,  and  slate  of  the  Monte  de       » 
Oro  are,  as  a  rule,  thin-bedded.  Thin  alternations  of        \ 
argillaceous  and  arenaceous  strata  are  common.  Small-        • 
scale  cross-bedding  and,  in  some  places,  graded  bed- 
ding occur  in  the  sandstone.  As  in  the  case  of  the  slate, 
the  bedding  surfaces  in  the  thin-bedded  siltstone  and 
sandstone  are  frequently  littered  \\ith  well-preserved 
plant  fossils. 

Conglomerate  is  conspicuous  at  many  horizons  in 
the  .Monte  de  Oro.  It  includes  thin  pebble  or  granule 
stringers  in  the  sandstone  (Fig.  18),  as  well  as  lenticu- 
lar, more  or  less  massive  pebble-cobble  conglomerate 
beds  approaching  40  feet  in  thickness.  .Much  of  the 
conglomerate  consists  solely  of  granules  and  pebbles, 
while  some,  especially  in  the  thicker  beds,  is  ill-sorted, 
containing   both    pebbles   and    cobbles    in    abundance 
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Figure  18.     Gronule-pebble  beds  in  sandstone.  Monte 
de  Oro  Formotion.  North  bank  of  Feother  River. 


(Fig.  19).  Cobbles  up  to  8  inches  across  are  not  un 
common,  though  pebbles  of  2  or  3  inches  are  the  most 
abundant.  The  pebbles  and  cobbles  are  well-rounded 
to  subangular,  and  are  set  in  a  matri.x  of  ill-sorted,  ar- 
gillaceous sandstone.  The  conglomerate  is  poorly 
.sorted  with  respect  to  the  composition  of  component 
pebbles  and  cobbles.  Certain  rock  types  are  invariably 
present,  altlioiigh  their  relative  proportions  are  highly 
variable.  Both  sedimentary  and  volcanic  rock  types  oc- 
cur together,  but  in  most  cases  the  latter  appear  to  be 
the  more  abundant  of  the  two.  Among  the  prominent 
constituents  are  gra>ish-green  plagioclase-quartz  por- 
phyry (dacite?),  light  gray  to  black  chert  and  black 
slate.  Less  abundant  tvpes  are  fine-grained  basic  igneous 
rocks,  of  intrusive  aspect,  and  dark-colored,  dense, 
indeterminate  volcanic  rocks.  It  is  signficant  that  the 
volcanic  rocks  which  most  commonly  occur  as  pebbles 
and  cobbles  in  much  of  the  Monte  de  Oro  conglom- 
erate are  not  of  the  same  tvpes  which  characterize  the 
underlying  Oregon  City  Formation.  It  is  probable, 
then,  that  the  volcanic  pebbles,  as  well  as  the  accom- 
pan\ing  chert  and  slate,  were  not  indigenous  to  the 
basin  of  deposition  but  were  derived  from  an  older 
terrane  which  may  have  included  elements  of  the  Cala- 
veras Formation.  Bedding  in  the  conglomerate  is  usu- 
all\'  ill-defined,  and,  where  observed,  is  made  manifest 
by  thin  partings  of  sandstone  or  b\-  the  concentration 
of  sub-equally  sized  pebbles  parallel  to  the  bedding. 
The  conglomerate  often  fills  channels  in  the  underly- 
ing beds. 

The  Monte  de  Oro  sediments  generally  are  very 
well  indurated.  They  apparently  owe  their  consolida- 
tion not  to  the  presence  of  an  introduced  cementing 
agent  but  to  the  effects  of  compaction  upon  their 
matri.x  materials.  They  have  obviously  been  subjected 
to  some  directed  stresses,  but  cleavage,  where  ob- 
served, is  generally  vague  and  incompletely  developed. 
However,  the  sediments  adjacent  to  the  postulated 
reverse  fault  u  hich  cuts  the  east  flank  of  the  syncline 
are  intensely  sheared.  Here,  cleavage  is  well-developed 
in  the  finer-grained  sediments,  while  finer-grained  con- 
glomerate involved  in  the  shearing  shows  granules  and 
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Figure    19,      Pebble-cobble   conglomerate.   Monte   de 
Oro  Formation.   North  bank  of  Feather  River. 
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small  pebbles  baving  a  markedly  "strung-out"  appear- 
ance. 

As  seen  in  tiiin  section,  tbe  t_\pical  sandstone  of  the 
Monte  de  Oro  contains  from  20  to  25  percent  of 
argillaceous  matrix  material.  Most  of  the  latter  is 
indeterminate  except  for  small  quantities  of  "sericite". 
The  grains  are  dominant!)'  angular  to  suhangular,  and 
are  poorly  sorted  both  as  to  size  and  to  composition. 
The  grains  consist  of  quartz  (10-15%),*  detrital  chert 
(20°J.  feldspar  (albite  to  andesine;  ?0-40°j),  and 
lithic  fragments  other  than  chert  (dense  volcanic 
rocks,  slate;  25-30° o)-  The  specimens  examined  thus 
are  classified  essentialh-  as  arkosic  gra\\\acke  or  as  in- 
termediate cases  between  lithic  and  arkosic  gra\\\acke. 
The  more  coarse-grained  types  show  some  increase  in 
grain-roundness,  and  tend  to  have  a  much  higher  pro- 
portion of  lithic  material  and  correspondingly  less 
quartz  and  feldspar.  A  semischist,  once  a  granule-fine 
pebble  conglomerate,  was  collected  from  the  faulted 
eastern  margin  of  the  Monte  de  Oro  outcrops  along 
the  Feather  River.  Under  the  microscope,  nearly  all 
of  the  clasts  appear  to  have  been  more  or  less  crushed 
and  drawn  out  into  lenticular  bodies.  These  are  sepa- 
rated by  thin,  closel\-spaced  undulate  laminae  of  mi- 
crocr>stalline,  partl\-  opaque  material  which  traverse 
the  rock  with  subparallel  orientation.  The  chief  con- 
stituent of  the  microcrystalline  material  is  white  mica. 
This  rock  presents  a  sharp  contrast  to  its  adjacent, 
practicalh'  undeft)rmed  counterparts. 

North  of  the  Banner  Aline,  on  the  east  side  of  the 
Monte  de  Oro  belt,  a  narrow  vein-like  body  of  dense, 
carbonate-rich  rock  crops  out  for  over  1000  feet  along 
the  .Monte  de  Oro-Oregon  City  contact.  Under  the 
microscope,  the  rock  is  seen  to  be  a  veined,  xenoblastic 
aggregate  of  calcite  (50°o),  sericite  (20%),  quartz 
(10%J,  albite  (10°,)  and  chlorite  (5°:),  with  minor 
amounts  of  sphene  and  "limonite".  The  rock  is  thought 
to  have  formed  by  h\drothermal  processes  related  to 
the  fault  along  which  it  lies. 

The  maximum  exposed  thickness  of  the  Monte  de 
Oro  Formation  is  approximately  1300  feet.  It  is  under- 
lain conformably  by  the  Oregon  City  Formation.  As 
was  pointed  out  above,  the  contact  is  transitional.  The 
Monte  de  Oro  is  the  \oungest  of  the  bedrock  units 
mapped  in  the  Oroville  quadrangle,  and  is  therefore 
overlain  with  marked  angular  unconformity  by  the 
various  formations  of  the  "superjacent  series".  The 
oldest  strata  known  to  rest  directly  on  the  Monte  de 
Oro  are  those  of  the  "auriferous  gravels"    (Eocene). 

Reference  has  already  been  made  to  the  fossil  flora 
which  is  preserved  in  the  Monte  de  Oro  sediments. 
The  plants  were  first  noted  in  the  literature  by  Turner 
(I«96,  pp.  548-549),  who  quoted  a  letter  from  Pro- 
fessor W.  M.  Fontaine.  Fontaine  summarized  his  con- 
clusions as  follov\s: 

Taking  all  the  evidence,  I  think  it  can  be  positively  said 
that  this  flora  is  not  older  than  the  uppermost  Triassic, 
and  not  younger  than  the  Oolite.  I  feel  pretty  sure  that  it 
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is  true  Rhetic,  somewhat  younger  than  the  Los  Bronces 
flora  of  Newberry,  and  the  Virginia  Mesozoic  coal  strata. 
It  is  much  like  the  Rhetic  flora  of  France,  made  known 
by  Saporta.  .  .  .  I  do  not  think  the  fossils  now  in  hand 
suffice  to  fix  narrowly  the  age,  which  may  be  lower 
Jurassic. 

Fontaine  (1900,  pp.  342-368)  described  and  figured 
28  species  from  the  "Oroville  beds"  (Turner's  Monte 
de  Oro  Formation).  Of  tiiesc,  7  arc  identical  with  forms 
"found  by  Fleer  in  the  Jurassic  formation  which  he 
regarded  as  middle  Brown  Jura",  approximately  the 
equivalent  of  the  lower  Oolite  of  Scarborough.  Fon- 
taine stated  (p.  367): 

The  comparison  of  the  Oroville  plants  with  known 
floras  shows  that  most  of  the  forms  for  which  any  rela- 
tionship with  knoun  plants  can  be  made  out  find  their 
like  in  the  I.ias  and  Oolite,  or  without  distinguishing  these, 
in  the  Jurassic.  As  the  Oolitic  forms  are  predominant,  we 
may  conclude  that  the  age  of  the  flora  is  not  only  Jurassic 
but  rather  late  Jurassic,  probably  about  the  age  of  lower 
Oolite. 

Fontaine  later  (1905,  pp.  142-143),  in  connection 
with  the  description  of  a  well-preserved  Jurassic  flora 
from  Douglas  County,  Oregon,  noted  that  12  of  the 
77  species  identified  there  are  found  also  in  the  .Monte 
de  Oro  flora.  14  of  the  Oregon  species  are  found  in 
the  lower  Oolite  of  Yorkshire,  and  several  of  them 
are  "highly  characteristic  of  the  lower  Oolite".  Fon- 
taine (p.  144)  noted  that  "the  key  to  the  whole  matter 
is  the  correctness  of  the  determination  of  the  age  of 
the  Yorkshire  (lower  Oolite)  beds".  According  to 
Imlav  (1952,  PI.  2),  the  Inferior  oohte  is  Bajocian 
(lower  Middle  Jurassic). 

In  addition  to  the  flora,  the  Monte  de  Oro  Forma- 
tion contains  a  rather  poorly  preserved  in\'crtebrate 
fauna,  which  has  furnished  far  less  information  as  to 
the  age  of  these  strata  than  has  the  flora.  The  fauna 
w  as  first  described  by  Stanton  (quoted  by  Diller,  1908, 
p.  390).  Stanton's  statement  on  the  first  collection  is 
as  follows: 

Unfortunately  the  collection  does  not  contain  anything 
specifically  identifiable  with  fossils  from  any  well-known 
horizon  on  the  west  coast.  The  most  abundant  form  is  an 
aviduloid  shell  that  I  doubtfully  referred  to  Emnicrotis. 
With  these  are  specimens  of  Pimia,  Trigonia,  and  Belein- 
nites.  The  whole  assemblage  has  a  decided  Jurassic  aspect, 
and,  in  my  opinion,  the  formation  yielding  them  is  older 
than  the  aucella-bearing  Mariposa  formation. 

Another  collection  was  subsequently  made,  con- 
cerning which  Stanton  (Diller,  1908,  p.  390)  noted: 

Perhaps  the  most  important  addition  [to  the  previous 
collection  I  is  the  form  doubtfully  referred  to  Aucella.  It  is 
represented  by  one  fairly  good  valve  and  a  fragment  of 
another,  which  might  belong  to  either  A.  piochi  of  the 
Knoxville  or  to  A.  erringtoni  of  the  .Mariposa,  as  far  as 
can  be  determined  from  the  features  preserved.  Unfor- 
tunately, there  is  no  right  valve  in  the  collection  and  the 
generic  reference  is  not  positive.  If  it  is  really  an  Aucella, 
the  age  of  the  beds  is  either  Mariposa  or  Knoxville-more 
probably  the  former.  The  general  character  of  the  forms 
is  suggestive  of  the  older  Jurassic  faunas  of  the  Taylors- 
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ville    region,    but   it    must    be    admitted    that   there    is    no 
definite  evidence  of  this. 

Stanton's  list  of  "all  shells  yet  discovered  in  the 
plant  beds  at  Oroville"  included  Ostrea  sp.,  Pecten  2 
or  3  sp.,  Aucella  (?)  sp.,  Modiola  sp.,  Trigonia  sp., 
Cardhnii  (?)  sp.  (rather  than  Eiiiiiicrotis  of  tlic  pre- 
vious report),  and  Bclciiinitcs  sp.  .Mien  collected  sev- 
eral invertebrate  fossils  in  beds  apparently  belonging 
to  the  Monte  de  Oro  Formation  near  Thompson  Flat, 
north  of  Oroville.  Regarding  these,  Stanton  (quoted 
by  .Mien,  1929,  pp.  370-373)  stated: 

The  collection  includes  at  least  three  species  of  pelccy- 
pods  of  which  two  belong  to  Trigonia  and  the  third  and 
most  abundant  form  is  a  ptcroid  shell  w  hich  I  have  had 
in  two  previous  collections  from  the  Monte  de  Oro  forma- 
tion and  referred  first  to  F.umicroth  ?  sp.  and  afterwards 
to  Ciirditmi  ?  sp.  On  reexamination  of  the  old  material  in 
connection  with  your  somewhat  better  specimens  I  will 
return  to  my  first  determination  and  call  the  form  Kumi- 
crotis  ?,  since  it  seems  to  belong  to  Pteriidae,  a  family 
formerly  called  .^vidulidae.  This  form  is  the  most  abun- 
dant invertebrate  in  the  collections  from  the  iMonte  de 
Oro  formation  as  well  as  in  your  collection,  and  1  con- 
sider it  sufficient  evidence  that  your  new  locality,  which 
as  you  state  is  about  three  miles  from  the  type  locality  of 
the  .Monte  de  Oro  formation  is  also  in  that  formation. 

Each  of  the  two  species  of  Trigonia  is  represented  by  an 
excellent  imprint,  casts  from  which  give  a  very  good  idea 
of  the  form  and  sculpture.  The  smaller  specimen  belongs 
to  the  group  ClavcUatae  and  is  distantly  related  to 
Trigonia  daxisoni  W'hitcaves.  This  I  consider  a  distinctly 
Jurassic  type. 

The  larger  imprint  apparcntK'  belongs  near  the  .Mifor- 
mis  subgroup  of  the  Scabrac,  which  is  chiefly  a  Cretaceous 
group,  but  your  species  departs  considerably  from  the 
usual  form  of  the  group  and  is  certainly  distinct  from  any- 
thing that  has  been  described  from  the  Pacific  coast.  The 
species  is  also  represented  b>-  an  internal  cast  of  a  small 
specimen. 

Taking  into  consideration  all  the  invertebrate  collections 
I  have  seen  from  the  Monte  de  Oro  formation  together 
with  the  testimony  of  the  plants,  1  think  that  the  forma- 
tion is  of  Jurassic  age— most  probably  Upper  Jurassic. 
Whether  it  is  equivalent  to  part  of  the  Mariposa  formation 
I  do  not  know,  but  the  abundance  and  excellent  preserva- 
tion of  fossils  at  this  new  localit\'  makes  me  hopeful  that 
a  sufficient  fauna  will  yet  be  found  to  enable  us  to  classify 
it  accurately. 

The  Mariposa  Formation  has  been  shown  to  be  early 
Upper  Jurassic  (Taliaferro,  1942,  pp.  77-81).*  Thus  a 
correlation  of  the  Monte  de  Oro,  if  the  evidence  of 
the  plants  is  correct,  \\  ith  the  Mariposa  seems  invalid. 

*  Recently  acquired  fossil  evidence  suggests  that  the  Oregon 
City  Formation  is,  at  least  in  part,  of  I. ate  Jurassic  (Ox- 
fordian)  age.  It  follows  that  the  Monte  de  Oro  formation, 
lying  stratigraphically  above  the  Oregon  City,  may  actu- 
ally be  Upper  Jurassic  and  is  possiblj'  correlative  with  the 
Mariposa  Formation  (mid-Upper  Jurassic,  i.e.  late  Ox- 
fordian  to  early  Kimmeridgian;,  a  wcll-knoun  unit  in  the 
Sierran  foothills  area  farther  south.  Certain  similarities  of 
lithology  between  the  two  formations  exist,  although  the 
Monte  de  Oro  is  generally  coarser  grained  than  the  typical 
Mariposa.  That  such  a  correlation  may  be  valid  was  first 
suggested  by  Stanton  (Diller,  1908,  p.  390)  and  later  by 
Imlay  (1961,  p.  D-9)  on  the  basis  of  the  invertebrate 
fauna. 


Taliaferro  (1942,  pp.  90-91),  regarding  the  .Monte 
dc  Oro,  stated: 

These  beds,  traceable  for  only  a  short  distance  away 
from  the  Feather  River,  form  an  isolated  area  more  than 
40  miles  from  any  belt  of  Sierran  Jurassic  se<liments.  Their 
isolated  position  is  not  due  to  non-deposition  of  the 
Jurassic  over  the  Sierran  region  to  the  east  but  to  removal 
by  erosion  following  the  Nevadan  revolution;  the  Monte 
de  Oro  beds  were  preserved  because  of  their  structural 
position. 

Taliaferro  further  beliexed  (p.  92)  that  the  Monte 
de  Oro  represents  deposits  formed  near  the  western 
edge  of  the  Middle  Jurassic  sea: 

The  state  of  preservation  of  the  plant  remains  in  the 
Monte  de  Oro  and  the  character  of  the  sediments  indicate 
deposition  very  close  to  the  western  margin  of  the  Middle 
Jurassic  sea  which  extended  eastward.  The  sediments  are 
strongly  cross-bedded  and  channeled  and  were  evidently 
deposited  in  very  shallow  water.  The  sandstones  are  ar- 
kosic  and  contain  an  abundance  of  rather  fresh  angular 
feldspar  and  quartz  grains.  The  appearance  of  the  plants 
and  the  lack  of  maceration  show  s  that  they  were  not  trans- 
ported for  any  distance  and  must  have  been  entombed 
very  close  to  the  forests  from  which  they  were  derived. 

The  iMontc  dc  Oro  beds  are  especially  important  in  in- 
dicating a  point  on  the  position  of  the  western  shore  line 
of  the  Middle  Jurassic  sea.  Unfortunately,  these  sediments 
have  not  been  preserved  over  wide  areas. 

The  present  writer  is  in  agreement  with  Taliaferro's 
statement  regarding  the  probable  nearshore  character 
of  the  Monte  de  Oro  beds.  The  ill-sorted  nature  of  the 
sediments  suggests  that  deposition  was  comparativeh 
rapid,  while  the  composition  of  much  of  the  clastic 
material  indicates  that  the  detritus  was  eroded  and 
transported  from  a  landmass  in  which  the  terrane  con- 
tained, in  part,  rocks  similar  or  identical  to  those  of 
the  Calaveras. 

Intrusive  Igneous  Rocks 

Calc-alkalinc,  ultrabasic,  and  alkaline  igneous  rocks 
have  been  intruded  into  the  bedrock  terrane.  Some 
occur  as  dikes  or  small  pluglike  bodies,  others  appear 
to  have  been  intruded  in  the  form  of  sills,  w  hile  one 
of  the  largest  may  have  been  emplaced  as  a  volcanic 
conduit.  Certain  of  these  intrusives  must  have  been 
injected  prior  to,  or  in  the  early  stages  of,  the  latest 
folding  and  regional  iiietamorphism,  which  attended 
the  orogenic  phase  of  the  Nevadan  revolution.  Others 
apparently  post-date  the  metaniorphism  and  may  ac- 
tuall\-  represent  minor  forerunners  of  the  batholithic 
emplacement  which  followed  the  Nevadan  orogeny 
throughout  the  Sierra  Nevada.  With  but  one  or  two 
[)()ssil)le  exceptions,  representatives  of  the  Nevadan 
granodiorites  and  allied  types  have  not  been  found 
v\itliin  the  Oroville  quadrangle,  although  such  rocks 
occur  on  a  batholithic  scale  a  few  miles  to  the  east  and 
to  the  north  (Turner,  1898;  Hietanen,  1951;  Compton, 
195.5). 

One  difficultN  connected  with  the  dating  of  the 
various  intrusions  is  that  the  great  majority  of  them 
are  isolatetl,  in  regard  to  areal  extent,  within  the  Cala- 
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vxras  Formation  ;iik1  do  not  contact  younger  bciirock 
units,  such  as  the  Oregon  City  and  Monte  dc  Oro 
Formations.  Furthermore,  it  is  probable  that  all  of  the 
intrusive  masses  of  a  particular  rock  t\pe,  such  as  ser- 
pentine, do  not  mutual!)-  correspond  in  age  and  may 
well  be  separated  b\'  time  gaps  on  the  order  of  several 
geologic  periods.  Thus,  the  order  in  which  the  various 
intrusixe  types  are  taken  up  herein  is  to  be  considered 
at  best  only  an  approach  to  the  sei]uence  of  intrusion 
as  it  actualh"  occurred. 

Metagabbro  and  Serpentine 

Hasic  and  ultrabasic  intrusive  rocks,  now  largel\ 
represented  by  metagabbro  and  serpentine,  respec- 
tively, have  in\aded  the  Calaveras  strata  in  the  north- 
eastern parr  of  the  area.  .Man\-  of  these  instrusives 
occur  in  rclati\el\-  long  narrow  sheets  or  lenses  which 
exhibit  a  broad  concordance  with  the  bedding  and 
schistositx-  of  the  enclosing  strata,  suggesting  that  they 
were  intruded  in  the  form  of  sills.  With  one  possible 
exception,  the  bodies  of  metagabbro  are  adjacent  to 
serpentine,  so  that  the  two  together  often  form  com- 
posite intrusive  masses.  In  some  cases,  serpentine  ap- 
pears to  have  been  injected  later  than  the  meta- 
gabbro. but  because  of  the  close  spatial  relationship 
which  exists  betw  een  the  two,  it  is  probable  that  the\- 
are  closely  related  in  time  as  well,  perhaps  as  differen- 
tiates of  the  same  magma. 

Metagabbro.  Several  small  intrusive  masses,  com- 
posed largely  of  metamorphosed  basic  igneous  rock, 
occur  in  the  older  bedrock  terrane.  These  are  believed 
to  have  once  been  gabbro,  and  accordingl\-  are  shown 
on  the  geologic  map  under  the  term  metagabbro. 
Three  types,  differentiated  according  to  the  mineral 
assemblages  now  present,  are  recognized. 

The  rocks  of  the  first  type,  examined  in  hand  speci- 
men, have  the  appearance  of  somewhat  altered  horn- 
blende diorite  or  gabbro.  Such  rocks  w  ere  mapped  on 
the  south  and  w  est  sides  of  Jordan  Hill,  in  the  canyon 
of  Concow  Creek,  and  in  the  vicinity  of  Concow 
school.  The  outcrop  areas  are  irregular  in  plan,  but 
tend  to  show  some  elongation  roughly  parallel  to  the 
structural  grain  of  the  country  rock.  It  is  likely  that 
rocks  of  this  type  seen  on  Concow  Creek  are  continu- 
ous w  ith  those  on  Jordan  Hill,  but  the  relations  are 
obscured  b\  a  ctner  of  nearl\  fiat-lying  Tertiary 
strata. 

In  the  field,  this  t\pe  is  medium-gray  to  dark  green- 
ish-gray and  is  massive  to  slightly  schistose  or  sheared. 
Average  grain-size  lies  bet\\een  medium  and  fine,  al- 
though coarse-grained  variants  occur  at  several  locali- 
ties. Frequentl\',  the  variation  in  grain-size  may  be 
quite  rapid;  transitions  from  fine-grained  to  coarse- 
grained rock  may  occur  even  within  a  single  hand 
specimen.  .Most  of  the  rock  is  more  or  less  equigranu- 
lar,  although  a  porphyritic  type  occurs  sparingly. 
Minerals  determinable  with  the  hand  lens  include 
abundant  dark  green  or  black  amphibole  and  "saus- 
suritized"  plagioclase,  veinlets  of  microcrystalline  epi- 


dotc  minerals,  and.  in  some  cases,  a  few  small  cubes  of 
pyritt. 

L'nder  the  microscope,  these  rocks  are  seen  to  be 
composed  principally  of  plagioclase,  actinolite,  and 
minerals  of  the  epidote  group.  The  texture  varies  from 
allotriomorphic-granular  to  hypidiomorphic-granular, 
w  ith  the  former  predominant  over  the  latter.  In  sf)me 
specimens  of  the  h\  pitlioniorphic-granular  t%pe, 
slightly  elongate,  more  or  less  rectangular  laths  of 
feldspar,  which  in  general  aspect  may  appear  to  be 
cuhedral  or  subhedral,  show  in  detail  ver\'  few  euhe- 
dral  boundaries.  Slightly  clouded  sodic  plagioclase 
(An,,  —  Ani;j)  constitutes  from  50  to  60  percent  of  the 
rock.  In  a  few  rocks,  crystals  of  original  feldspar  have 
been  thoroughly  replaced  b\'  a  microcrystalline  "saus- 
suritic"  aggregate  of  clinozoisite,  "sericite",  albite, 
quartz,  epidote,  chlorite,  calcite,  and  sphene.  The 
common  mafic  mineral  of  these  rocks  is  pale  green  ac- 
tinolite, w  hich  makes  up  from  25  to  35  percent  of  the 
w  liole.  It  generally  occurs  as  slightly  elongated  or 
nearl\'  c(|uant,  roughly  prismatic,  anhedral  crystals, 
the  ends  of  which  commonly  appear  to  "fray-out" 
into  adjacent  feldspars.  A  uralitic  origin  of  part,  if  not 
all,  of  the  amphibole  is  demonstrated  by  the  occa- 
sional occurrence  of  amphiboles  having  pyroxene 
habit  and  the  infrequent  preservation  of  sieve-like  rel- 
icts of  augite  in  the  cores  of  such  amphibole  crystals. 
In  a  slightly  porphyritic  type  from  near  Concow 
School,  anhedral  masses  of  actinolite  are  partly  inter- 
stitial to  randoml)'  oriented  plagioclase  laths,  suggest- 
ing that  the  original  pyroxene  of  a  diabasic  texture  has 
been  replaced  by  the  amphibole.  The  epidote  minerals 
are  present  in  every  section  examined,  either  as  clin- 
ozisite,  or,  less  often,  as  epidote.  They  constitute  from 
5  to  15  percent  of  the  rock,  and  may  occur  as  vein- 
lets,  "clots"  of  randomly  oriented,  idioblastic  prisms, 
or  as  individual  subhedra  disseminated  through  the 
rock.  In  a  few  cases,  clinozoisite  appears  to  have 
definitely  replaced  feldspar.  Sphene  is  generally  pres- 
ent in  amounts  ranging  from  a  few  to  10  percent,  and 
is  always  in  the  form  of  irregular,  cryptocr\-stalline 
clusters.  Other  minerals  occurring  in  markedl\-  subor- 
dinate amounts  are  calcite,  chlorite,  "sericite",  quartz, 
and  pumpellyite  (?).  Evidence  of  minor  post-crystal- 
lization deformation  is  abundant.  Under  the  micro- 
scope, most  specimens  show  one  or  more  narrow 
zones  along  which  brecciation  and  displacement  of  the 
components  have  occurred.  Many  of  the  feldspar  and 
amphibole  crystals  have  been  fractured  and  slightly 
bent. 

The  abundant  development  of  clinozoisite  and  epi- 
dote in  these  rocks  and  the  occurrence  in  some  of 
them  of  "saussuritized"  plagioclase  suggest  that  a  va- 
riet\-  of  plagioclase  considerably  more  calcic  than  that 
now  present  once  dominated  the  mineral  assemblage. 
Similarly,  it  is  considered  likely  that  a  large  part,  if 
not  all,  of  the  actinolite  has  formed  at  the  expense  of 
original  p\roxenes.  From  these  assumptions  regarding 
the  mineralog\-  and  from  a  consideration  of  the  tex- 
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Figure  20.  Banded  metogabbro  in  contact  with  green  serpentine. 
Port  of  contact  morked  by  greenish-block,  tough  ophanitic  serpentine. 
West  branch   of   Feather   River   near   Cape    Horn.. 

rural  fearurcs  alread\'  described,  it  is  concluded  that 
these  rocks  are  the  derivatives  of  normal  gabbro  and 
diabase.  It  is  likelv  that  they  have  formed  in  response 
to  the  same  low-grade  regional  metamorphism  which 
has  affected  the  metasedimcntar\'  and  mctavolcanic 
rocks  of  the  adjacent  terrane.  They  more  or  less  cor- 
respond to  certain  of  the  rocks  described  as  "epidio- 
rites"  in  the  British  Isles.  Wiseman  (1934)  has  exhaus- 
tively treated  the  progressive  metamorphism  of  epi- 
diorite  sills  in  the  Scottish  Highlands.  The  rocks  de- 
scribed herein  appear  to  be  similar  to  the  low-grade 
epidiorites  described  by  Wiseman  (pp.  357-378)  as 
having  been  formed  in  the  chlorite  and  biotite  zones 
of  regional  metamorphism,  although  the  average  anor- 
thite  content  of  the  plagioclase  in  the  Oroville  rocks 
may  be  slightly  higher  than  in  the  Scottish  e.xamples. 
The  second  type  of  metagabbro  might  best  be 
termed  a  "saussurite  gabbro".  It  is  well-exposed  on  the 
south  end  of  Jordan  Hill  and  along  adjacent  parts  of 
Concow  Creek  and  the  West  Branch.  It  is  also  the 
dominant  t\pc  in  the  metagabbro  bodv  w  hich  under- 
lies part  of  Gold  Flat  and  the  ridge  to  the  southeast. 
This  is  typically  a  dark  to  somewhat  light  greenish- 
gray,  medium-  to  coarse-grained,  cquigranular  rock. 
The  onl\-  minerals  readilv  identified  in  hand  specimens 
are  p_\roxene  and  plagioclase.  The  usual  ratio  of  feld- 
spar to  pyroxene  is  roughl\-  3:2,  although  in  some 
specimens,  feldspar  is  somewhat  subordinate.  The 
plagioclase  invariably  is  light  green  or  gray,  with  a 
dull,  somewhat  "greasy"  appearance  on  cleavage 
planes.  In  most  specimens  of  the  medium-grained 
rock,  both  twinning  and  cleavage  are  largely  or 
wholly  obliterated.  On  the  otiicr  hand,  the  pyroxene, 
which  is  dark  greenish  gra\'  and  often  cxiiibits  the 
prominent  parting  of  a  diallage  variety,  usually  ap- 
pears rather  fresh.  At  a  few  localities,  cr\stals  of  py- 
roxene up  to  1  inch  in  length  occur. 


In  thin  section,  the  "saussurite  gabbro"  is  seen  to 
consist  largely  of  embayed  and  slightly  uralitized  di- 
opsidic  augite  and  more  or  less  thoroughly  altered 
plagioclase.  The  plagioclase  has  been  replaced  b\-  a 
dust)',  cr\pt()cr\stalline  aggregate  of  secondary  min- 
erals, among  which  clinozoisite  and  "sericite"  can  be 
definitely  recognized  and  albite,  carbonate,  and  sphene 
are  tcntativcls  identified.  A  few  small,  ragged  relicts 
of  an  original  calcic  plagioclase  may  be  present,  but 
were  not  identified  with  certainty.  Some  relict  cleavage 
is  still  obvious  in  the  altered  feldspar.  Occasional 
patches  of  microcrystalline  chlorite  appear  to  have 
replaced  some  fcrromagnesian  mineral,  such  as  olivine. 
In  one  thin  section  examined,  minute  prisms  of  sec- 
ondary apatite  are  abundantly  disseminated  through- 
out the  rock. 

The  third  type  of  metagabbro  distinguished  in  the 
area  most  likely  represents  a  modification  of  the 
"saussurite  gabbro"  described  above.  Wherever  ob- 
served, it  has  a  close  spatial  association  with  serpen- 
tine. It  occurs,  in  subordinate  quantity,  along  with 
the  "saussurite  gabbro"  in  the  vicinity  of  Gold  Flat. 
It  is  also  found  as  masses,  measuring  from  a  few  tens 
of  feet  to  900  feet  in  length,  completeh'  isolated  w  ithin 
the  serpentine  at  Xelson  Bar  and  in  the  serpentine  tiiat 
lies  less  than  a  mile  southwest  of  Serpentine  Point. 
The  rock  is  of  much  lighter  color  than  the  metagab- 
bros  previously  described.  It  consists  dominantly  of 
pale  gra\'  to  w  hite,  microcr\stalline  material  in  w  hich 
are  distributed  subrounded  or  irregular  lumps,  meas- 
uring up  to  5  or  6  mm  across,  of  a  pale  yellow-green 
to  dark  green,  translucent,  w  axy  substance.  The  over- 
all appearance  of  the  rock  suggests  that  the  original 
texture,  one  of  medium  to  coarse  grain-size,  is  reflected 
in  the  arrangement  of  the  two  different  materials,  but 
that  all  semblance  of  original  crystal  faces  has  been 
obliterated.  In  some  places,  this  rock  has  a  well-de- 
fined, steepl)'  dipping  stratified  aspect  which  is  mani- 
fested by  the  slight  concentration  of  the  green  lumps 
in  parallel  layers.  This  structure  is  suggestive  of  the 
la\ering  seen  in  some  gabbros  (Fig.  20). 

Petrographic  examination  of  the  rock  reveals  that 
the  waxv  green  material  is  a  microcr\stalline  aggre- 
gate of  a  flaky  chloritic  (?)  mineral  or  possibly  some 
type  of  serpentine.  The  dominant  white  material  seen 
in  the  hand  specimen  appears  largel\'  as  a  dusty  cr\p- 
tocrvstalline  mass  in  which  clinozoisite  is  an  impor- 
tant constituent.  The  other  minerals  present  are  in- 
determinate. It  is  thought  that  the  green  chk)ritic  (?) 
masses  have  formed  at  the  expense  of  original  pyroxene 
and  other  fcrromagnesian  minerals,  while  the  "saus- 
suritic"  clinizoisitc-rich  aggregates  have  been  formed 
from  calcic  plagioclase. 

The  occurrence  of  both  this  type  of  metagabbro 
and  the  "saussurite  gabbro"  together  in  the  bod\-  at 
Gold  Flat  suggests  that  both  are  derivatives  of  the 
same  original  gabbroic  rock.  The  clo.se  spatial  relation- 
ship  between   the   more  altered   metagabbro   and   the 
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serpentine  suggests  tliat  tlie  destruction  of  the  feno- 
niagnesinn  minerals  which  were  present  in  the  orig- 
inal gabbro  aiul  which  arc  still  present,  in  part,  in  the 
"saussuritc  gabbro"  is  the  result  of  the  same  processes 
of  alteration  b_\-  which  the  ultramafic  intrusions  were 
serpen  tinized. 

Scrpeiitive  ami  allied  rocks.  Serpentine  and  rocks 
closeh-  allied  to  it  are  of  widespread  occurrence  in 
the  nortiicasfcrn  part  of  the  quadrangle.  Petrographic 
evidence  indicates  that  some  was  originally  perido- 
tite,  but  some  is  so  completely  serpentinized  that 
its  original  nature  cannot  be  determined  with  cer- 
taintw  It  occurs  either  as  relativeh"  long,  narrow  belts, 
more  or  less  concordant  with  the  adjacent  strata,  or 
as  irregular  masses  which  cut  sharpl_\-  across  the  re- 
gional structure.  Some  of  the  more  concordant  bodies 
are  thought  to  represent  sills  which  were  intruded 
prior  to  the  folding  of  the  enclosing  rocks.  The  best 
example  of  such  a  relationship  is  the  thin  sheet  of  ser- 
pentine which  trends  northwestward  for  more  than 
three  miles  from  a  point  one-half  mile  west  of  Yankee 
Hill.  Metagabbro  is  associated  with  the  serpentine  in 
the  northw  est  part  of  this  belt.  It  is  distinctly  possible, 
however,  that  some  of  the  sheet-like,  more  or  less  con- 
cordant bodies  of  strongly  sheared  serpentine  were 
injected  as  "cold  intrusions"  along  unrecognized  fault 
zones.  A  markedly  discordant  mass  of  serpentine  is 
that  which  crops  out  on  the  west  side  of  the  West 
Branch  between  Nelson  Bar  and  Cape  Horn. 

The  serpentine  varies  considerably  in  its  appearance. 
Some  is  wholly  aphanatic,  some  ma\-  be  finely  crystal- 
line, and  some  carries  numerous  large  bastite  pseudo- 
morphs.  .Most  of  the  more  massive  varieties  are  nearh' 
black  with  a  slight  greenish  cast.  Others  are  pale  green 
or  greenish-white  streaked  with  black.  These  fre- 
quently exhibit  highl\-  irregular  cleavage  and  abundant 
slickensides,  the  results  of  shearing.  Lenticular  knots  of 
more  resistant,  massive  serpentine  within  belts  of  the 
strongly  sheared  variety  are  common.  Subordinate 
quantities  of  talc  schist  or,  in  a  few  places,  talc-tremo- 
lite  schist  are  associated  w  ith  much  of  the  serpentine, 
and  these  commonly  occur  at  the  margins  of  a  ser- 
pentine mass.  A  noteworthy  example  of  such  an  oc- 
currence is  seen  at  many  places  on  both  flanks  of  a 
serpentine  belt  w  hich  crosses  Deadwood  Creek  at  the 
junction  of  Ponderosa  Wa\-  and  Oro-Concow  Road. 
Of  common  occurrence  are  sheets  of  talc  schist,  sel- 
dom greater  than  a  few  feet  in  thickness,  which  are 
intercalated  with  the  Calaveras  slates  and  mctavol- 
canic  rocks.  Their  schistosity  is  invariably  parallel  to 
that  of  the  country  rock.  Many  of  them  are  not  spa- 
tially associated  with  serpentine  and  it  is  likely  that 
they  represent  original  serpentine  in  sheets  so  thin 
that  metamorphism  to  talc  schist  has  gone  essentially 
to  completion. 

A  serpentine  belt  lying  just  north  of,  and  adjacent 
to,  the  northernmost  outcrops  mapped  as  the  Hodapp 
Member  is  bordered  on  the  south  by  a  thin  sheet  of 


partl\  altered,  fine-grained  diabase.  1  he  diabase, 
w  hich  can  be  traced  for  about  a  mile,  is  thought  to 
represent  a  marginal  facics  differentiated  from  the 
ultrabasic  mass  at  the  time  of  injection.  The  close  spa- 
tial, and  possibly  genetic,  relations  between  some  of 
the  basic  intrusive  rocks  and  the  serpentine  has  been 
previously'  discussed. 

As  seen  in  thin  section,  the  more  massive  serpentine 
consists  in  large  part  of  fine-grained,  flak\"  antigorite. 
The  plates  ma\'  be  randomly  oriented,  or  may  show 
a  well-defined  preferred  orientation  in  one  or  some- 
times three  directions.  In  the  latter  case,  the  three  ori- 
entation-directions are  nearly  at  right  angles  to  one 
another,  forming  a  reticulate,  boxwork-like  aggregate. 
"Mesh-structure"  is  shown  where  discontinuous, 
curving  trains  of  magnetite  ( ? )  dust  presumably  mark 
the  outlines  of  former  olivine  crystals.  Anhedral  "crys- 
tals" of  "bastite"  serpentine,  up  to  5  mm  across,  often 
lend  a  porph\ritic  appearance  to  the  rock.  These  are 
presumed  to  ha\e  formed  as  pscudomorphs  after  an 
original  orthopyroxene.  Closely  spaced,  subparallel 
veinlcts  of  chrysotile  transact  the  whole.  Dolomite, 
in  spherical  masses  of  radiating  cr\stals,  is  locally 
abundant.  .\  common  accessory  in  the  serpentine  is 
chromite,  w  hich  occurs  in  highly  irregular  grains.  In 
some  of  the  serpentine,  it  is  of  sufficient  concentration 
to  have  excited  some  mining  activity.  A  few  occur- 
rences of  altered  ultrabasic  rocks  still  containing  a  part 
of  the  original  minerals  are  known  in  the  area.  One  of 
these,  associated  w  ith  the  serpentine  belt  in  the  north 
part  of  Pington  Ravine,  is  a  very  coarse-grained,  allo- 
triomorphic  granular  rock  consisting  largely  of  treni- 
olite  (60°o)  and  diopside  (35°o),  with  some  enstatite 
and  chlorite. 

The  age  of  most  of  the  serpentine  bodies  and  com- 
posite serpentine  metagabbro  bodies  in  the  area  can- 
not be  determined  closely.  Nor  is  it  clear  that  to- 
gether they  represent  a  single  period  of  intrusion,  and 
there  is  some  evidence  that  the\'  do  not.  Since  all  of 
the  serpentine  studied  by  the  writer  bears  the  mark  of 
low-grade  d>namothermal  metamorphism,  it  follows 
that  all  were  emplaced  prior  to,  or  in  the  early  stages 
of,  the  latest  deformation  which  has  caused  this  meta- 
morphism—the  Nevadan  orogeny.  Several  of  the  more 
or  less  concordant,  sheet-like  masses  are  believed  to 
have  been  injected  into  the  Calaveras  rocks  as  sills, 
and  may  well  have  been  involved  in  the  earliest  fold- 
ing which  affected  the  Calaveras.  On  the  other  hand, 
certain  of  the  serpentine  bodies,  notabl)'  those  near 
Nelson  Bar  and  Cape  Horn,  are  clearly  discordant,  and 
may  have  been  intruded  after  the  Calaveras  strata  and 
earlier  (?)  serpentine  was  initialh'  folded.  Only  one 
small  body  of  serpentine  was  found  to  crop  out  in  the 
area  underlain  by  the  Oregon  City  Formation  (?  mid- 
dle Jurassic),  and  it  must  be  of  later  age  than  an\- 
serpentine  intruded  prior  to  the  earliest  folding  of  the 
Calaveras,  if  such  folding  acruallv  occurred  before 
the  deposition  of  the  Oregon  City  rocks. 
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Two  periods  or  phases  ot  intrusion  of  ultrabasic 
rocks  in  the  region  immediately  east  of  the  present 
area  were  shown  to  exist  by  Hictancn  (1951,  pp.  578, 
580),  who  found  dikes  of  serpentine  and  allied  rock- 
types  transecting  earlier  serpentine.  Compton  (1955, 
PI.  1)  considered  a  metaserpentine  mass  occurring  in 
the  Bidw  ell  Bar  area,  east  of  Oroville,  to  be  possibly  as 
old  as  late  Paleozoic.  Knopf  ( 1929,  p.  20),  after  stud>- 
ing  the  rocks  of  the  .Mother  Lode  region,  concluded: 

Although  it  is  commonly  assumed  that  the  serpentine 
is  all  of  the  same  age,  it  is  also  possible  that  some  of  the 
serpentine— that  wholly  inclosetl  in  Calaveras  rocks— is 
older  than  that  which  is  intrusive  into  the  Alariposa  slate 
I  Jurassic). 

Taliaferro  (1942,  pp.  94-95)  believed  that  the  great 
majority  of  ultrabasic  intrusive  rocks  in  the  Sierra 
Nevada  "were  intruded  prior  to  the  Nevadan  folding 
of  the  Jurassic  sediments  and  \olcanics  since  they  are 
folded  w  ith  them"  and  that  "these  ultrabasic  intru- 
sives  were  emplaced  in  a  later  stage  of  geosynclinal 
sinking  after  the  accumulation  of  a  thick  prism  of 
sediments".  The  frequent  association  of  ultrabasic  in- 
trusions w  ith  geos\nclinal  sediments  and  \()lcanics  and 
the  fact  that  emplacement  of  such  intrusions  normalh' 
occurs  prior  to,  or  soon  following,  the  initiation  of 
folding  which  marks  the  collapse  of  the  geos>  ncline 
have  been  noted  by  several  workers,  (cf.  Benson, 
1926;  Taliaferro,  1942,  p.  95;  1943a,  p.  153;  Turner 
and  \'erhoogen,  1951,  pp.  201-202,  239-242).  The  ser- 
pentine and  related  intrusives  which  occur  in  the  area 
of  stud\"  no  doubt  represent  such  an  association  w  ith 
geos>  nclinal  strata  and  orogenic  movements.  W'itii  but 
few  exceptions,  however,  it  cannot  be  clearly  estab- 
lished whether  individual  intrusions  are  genetically  re- 
lated to  post-Calaveras,  pre-Jurassic  (?)  movements  or 
to  the  Jurassic  Nevadan  orogeny. 

Monzonite 

.\  small  body  of  augite  monzonite  crops  out  at 
Yankee  Hill.  The  mass,  which  has  intruded  slates  and 
metavolcanic  rocks  of  the  Calaveras  Formation,  is 
quite  irregular  in  plan.  A  slender  apoph\sis  projects 
for  about  one-half  mile  south  and  east  from  the  main 
body.  The  rock  is  typicallv  massive,  but  locally  shows 
closely  spaced  joints.  Fresh  surfaces  are  dark  greenish- 
gray,  while  weathered  surfaces  are  mottled  orange  and 
pale  \ellow.  The  monzonite  is  et]uigranular  and  varies 
from  fine-  to  medium-grained.  .Minerals  \isible  in  the 
hand  specimen  include  abundant  plagioclase  and  ortho- 
clase,  lesser  amounts  of  augite,  and  \\idel\'  dissemi- 
nated pyrite. 

Petrographic  examination  shows  the  mon/onitc  to 
be  composed  principall\  of  culuHlral  to  subhedral 
plagioclase  (andcsine)  and  anhedral  orthoclase.  The 
r\vo  together  compose  60  or  70  percent  of  the  rock, 
with  orthoclase  slightl\-  subordinate  to  plagioclase. 
Frequently  the  orthoclase  partly  or  wholl\'  encloses 
euhedral  laths  of  plagioclase.  The  orthoclase  is  rea- 
sonabl)'  fresh,  as  is  some  of  the  plagioclase,  but  most 


of  the  plagioclase  has  been  considerably-  altered  to  a 
saussuritic  complex  of  microcr\stalline  clinozoisite, 
chlorite,  cpidote,  and  albitc.  Slightl\'  uralitizcd  diop- 
sidic  augite,  in  equidimensional,  anhedral  grains,  com- 
poses about  20  to  25  percent  of  the  rock.  Scattered 
grains  of  sphene,  magnetite,  and  pyrite  are  minor  ac- 
cessories. Because  of  its  somewhat  metamorphosed 
condition,  the  monzonite  is  thought  to  represent  a 
pre-Nevadan  intrusion,  since,  so  far  as  the  \\  riter  is 
aware,  the  intrusive  rocks  associated  w  ith  the  Nevadan 
revolution,  except  for  the  basic  calc-alkaline  and  ultra- 
basic  t\pes,  are  unmetamorphosed. 

Hornblende-Quartz  Diorite 

-Mtcrcd  hornblende-quartz  diorite  forms  a  small  out- 
crop at  the  east  edge  of  the  quadrangle.  It  is  appar- 
entl\-  intrusive  into  the  Calaveras  rocks  and  represents 
only  the  westernmost  extremity  of  a  someu  hat  larger 
mass  which  lies  just  east  of  the  area.  The  rock  is 
greenish-gray,  massive,  medium-  to  coarse-grained, 
and  allotriomorphic-granular.  It  contains  35  to  40  per- 
cent of  dark  green  or  black  ampiiibole,  15  percent  of 
i]uartz,  and  45-50  percent  of  feldspar. 

L'ndcr  the  microscope  the  amphibole  proves  to  be 
of  two  different  types.  One  is  ver\'  pale  somewhat 
fibrous  green  actinolite,  clearly  of  uralitic  origin,  for 
a  few  "motheaten"  crystals  of  diopsidic  augite  have 
survived  the  alteration.  The  second  amphibole  is 
equall\'  abundant,  and  is  a  light  greenish-brow  n  horn- 
blende, it  occurs  as  non-fibrous,  anhedral  crystals,  a 
few  of  which  partly  enwrap  the  relict  augite  as  re- 
action rims.  The  dominant  feldspar  (making  up  30- 
40° o  of  the  rocks)  is  a  rather  acid  plagioclase,  in  some 
cases  perhaps  as  sodic  as  albite.  It  occurs  as  ver\-  ir- 
regular, anhedral,  partly  altered  crystals.  Parts  of  the 
rock  are  large,  microcrystalline,  xenoblastic  aggregates 
consisting  almost  w  holly  of  "sericite"  w  ith  a  subordi- 
nate ciuantit\-  of  clinozoisite.  It  is  likel\-  that  these  ag- 
gregates are  compounded  of  the  alteration  products  of 
an  originally  more  calcic  plagioclase  and  perhaps  of 
orthoclase  as  well.  Anhedral  pools  of  clear  quartz  con- 
stitute about  15  percent  of  the  rock.  Clinozoisite 
(5-10°'o),  epidote,  and  sphene  occur  as  scattered  large 
grains.  \^einlets,  composed  principally  of  clinozoisite 
and  secondary  quartz,  transect  the  rock  at  several 
points.  \s  in  the  case  of  the  monzonite  described 
above,  this  rock,  because  of  its  altered  condition,  is 
thought  to  antedate  the  intrusion  of  the  Nevadan 
batholiths. 

Basalt  Porphyry 

\  dark-colored,  somewhat  altered,  markcdl\-  por- 
phvritic  ba.salt  which  underlines  the  entire  summit  of 
Clover  Ridge  is  thought  to  have  been  emplaced  as  a 
plug-like,  shallow  intrusive  mass.  In  plan,  the  mass  has 
the  form  of  a  crude  rectangle  with  rounded  ct)rners, 
and  covers  an  area  approximately"  one  and  one-fourth 
miles  in  length  and  from  one-half  to  three-fourths  of 
a  mile  across. 
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As  observed  in  the  field,  the  basalt  is  generallx  quite 
tough  and  nuissivc,  except  for  a  slight  degree  of  shear- 
ing. It  displaxs  no  semblance  of  huering  or  other  fea- 
tures which  might  seem  to  require  an  extrusive,  rather 
than  intrusive,  origin,  except  for  a  few  locall\'  brec- 
ciated  parts.  It  is  dark  grcenish-gra>'  on  fresh  exposure, 
and  the  texture  is  doniinantl\-  porph\ritic  with  a  mi- 
crocr\stalline  groundmass.  .More  or  less  evenly  dis- 
tributed euhedral  to  subhedral  phenocrysts  of  augite 
are  abundant  in  most  outcrops.  These  frequenth-  meas- 
ure over  .>  mm  across,  and  some  as  large  as  10  mm  in 
maximum  dimension  occur.  I.ath-shapcd  phenocrvsts 
of  "saussuritized"  plagioclase,  still  showing  pol\syn- 
thetic  twinning  in  some  cases,  are  found  at  relatively 
few  localities.  At  one  or  two  points,  scattered  small 
amygdules  are  seen,  perhaps  indicating  that  the  rock 
was  emplaced  at  a  relatively  shallow  depth.  Of  local 
importance  in  some  parts  of  the  mass  is  a  distinctly 
brecciatcd  appearance.  Angular  to  subangular  frag- 
ments, ranging  from  a  fraction  of  an  inch  up  to  2  feet 
across,  are  held  in  a  matrix  nearl\-  identical  to  the  rock 
composing  the  fragments  themselves.  The  brecciation 
is  made  obvious  b\'  a  ver\'  slight  difference  in  color 
between  tiic  two  components.  Such  occurrences  are 
interpreted  as  being  due  to  autobrecciation  in  mov- 
ing magma  rather  than  to  any  post-magmatic  tectonic 
activity. 

A  txpical  specimen  of  this  rock,  selected  for  analy- 
sis (Xo.  1),  was  examined  under  the  microscope.  It 
is  porphyritic  and  in  part  glomero-porphyritic,  ^\  ith 
phenocrysts  composing  about  80  percent  of  the  whole. 
Randomly  oriented  euhedral  to  subiiedral  laths  of  al- 
tered plagioclase  (60%),  usually  less  than  I  mm  in 
length,  and  euhedral  to  subhedral,  more  or  less  equi- 
dimensional  phenocrysts  of  slightly  titaniferous  diop- 
sidic  augite  (20''; ),  measuring  up  to  5  mm  across,  are 
held  in  a  microcrystalline,  allotriomorphic-granular 
groundmass.  The  latter  is  composed  principally  of 
albite,  chlorite,  clinozoisite,  epidote,  and  possibl\' 
quartz.  Small  crystals  of  augite  are  disseminated 
throughout  the  groundmass.  Part  of  the  chlorite  is 
concentrated  in  small  masses,  the  outlines  of  which  are 
sometimes  regular  and  are  highly  suggestive  of  the 
replacement  of  some  pre-existing  mineral,  such  as 
olivine.  Small  ragged  cryptocrystalline  aggregates  of 
sphene  are  common.  A  few  narrow  v^einlets  of  calcite 
and  sericite  or  of  clinozoisite  and  calcite  transect  the 
rock.  The  plagioclase  has  been  thoroughly  altered  to 
microcr\stalline  aggregates  consisting  chiefly  of  "seri- 
cite", albite  {?),  and  possibly  quartz,  and  minor 
amounts  of  epidote  and  chlorite.  The  original  crystal- 
outline  of  the  feldspar  has  been  preserved,  as  has  the 
cleavage.  In  a  few  cr\  stals  polys\nthetic  twinning  and 
zoning  are  still  recognizable.  The  augite,  on  the  other 
hand,  is  markedly  fresh,  except  for  a  slight  develop- 
ment of  chlorite  along  cracks. 

The  molecular  ratios  between  certain  of  the  oxides 
are  .\lgO:  CaO  =  0.90,  CaO:  NaoO  =  3.06,  and  NaoO: 
K.O  =  3.61.  The  silica  content  of  the  rock  indicates 


Chemical  analysis  of  Specimen  No.   I 
(W.  H.  Herdsman,  analyst) 


Chemical  Analysis  No.   1 

Calculation  of  Norms 

SiO::    - _  .  46.08 

Q   — none 

Al.n.                                               lA  H4 

nr                                        .               R  ftn 

FeO    8.06 

ob       2376 

FeiOa                                          2.68 

on         77  84 

TiO:    ..                                         .92 

ne         3  59 

MnO  ..                                          .14 

di                                          17.49 

CaO   9.33 

MgO                                           6.02 

ol     _              15.64 

K=0                         ..                   1.42 

op                                            1  04 

Noi'O                                       3.38 

il                                            1  7A 

H=0   (   -105°C)  .42 

mt        4  05 

H=0  (  +105°C) 3.56 

CO=                      ....    __.         .45 

P=03    ...                                       .39 

99.69 

•  Analysed  rock  is  from  NVj  SWI/4  NW'/i  Sec.   20.  T21N,  R4E,  M.D.B.M.,  elev. 
1,200  feet. 

tiiat  it  is  of  basaltic  composition.  .'Xs  was  previously 
proposed,  the  close  correspondence  of  certain  parts  of 
the  analysis,  normative  composition,  and  oxide  ratios  of 
this  with  those  of  a  specimen  from  the  Oregon  Cit\^ 
formation  may  well  indicate  that  the  two  are  correla- 
tive. 

It  is  suggested  that  the  porphyritic  basalt  described 
above  was  emplaced  as  an  intrusive,  rather  than  ex- 
trusive, rock.  Evidence  w  hich  seems  to  support  this 
view  includes  the  lack  in  all  parts  of  the  mass  of  struc- 
tural features  which  could  be  interpreted  only  as 
the  result  of  eruption  at  the  surface.  On  the  other 
hand,  the  overall  lithologic  homogeneity  observed 
in  the  mass  and  the  textural  features  of  the  rock 
favor  an  intrusive  origin.  Again,  an  intrusive  mode 
of  emplacement  is  suggested  by  the  sub-equidi- 
mensional  shape  of  the  mass  as  \vell  as  by  the  locally 
transgressi\e  contact  between  it  and  the  adjacent 
metasedimentary  and  metavolcanic  rocks.  Of  course, 
the  latter  relationship  might  equally  well  be  cited  as 
evidence  of  an  angular  unconformity  at  the  base  of  a 
section  of  extrusive  volcanic  rocks.  If  it  is  granted  that 
the  porph\Titic  basalt  at  Glover  Ridge  might  be  in- 
trusive, the  possibility  also  arises  that  the  mass  repre- 
sents the  lower  part  of  a  volcanic  neck  from  which 
the  basic  extrusive  rocks  seen  in  certain  nearby  forma- 
tions were,  in  part,  erupted.  The  similarities  \\ith 
regard  to  chemical  composition  and  petrography 
which  exist  between  the  porphyritic  basalt  of  Glover 
Ridge  and  certain  of  the  massive  and  fragmental  rocks 
of  the  Oregon  City  Formation  have  been  pointed  out 
above.  Because  of  these  similarities  and  because  of  the 
fact  that  other  possible  eruptive  centers  for  the  Ore- 
gon City  rocks  were  not  found,  the  writer  believes 
that  the  igneous  mass  at  Glover  Ridge  probably  rep- 
resents one  of  the  conduits  from  which  such  rocks 
were  extruded.  And  if  this  is  actually  the  case,  the 
probable  age  of  the  porphyritic  basalt  would  be 
Middle  Jurassic.  (See  footnote,  page  24.) 

Dikes  of  Various  Rocks 

Small  dikes  of  various  rocks  have  been  injected  into 
the  bedrock  terrane  at  many  places.  Most  of  these 
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rocks  apear  to  he  of  intermediate  composition.  They 
are  particular!)'  numerous  in  the  northeastern  part  of 
the  area.  The  most  common  t\  pe  found  there  is  a 
medium  to  light  gray  porph\ritic  andesite  (?)  in 
which  slender,  cuhcdral  prisms  of  black  or  dark- 
brown  hornbieiule,  up  to  5  mm  in  length,  arc  scattered 
through  a  dominantly  microcr\stalline  groundmass. 
The  phenocr>  sts  rarel>'  constitute  over  25  percent  of 
the  rock,  and  more  often  about  10  percent  occur. 
Minute  cubes  of  pyrite  are  often  disseminated  tlirougii 
the  groundmass.  As  seen  in  thin-section,  tlie  ground- 
mass  is  thoroughly  altered  to  a  dense,  "saussuritic" 
complex  of  "sericite"  and  albite,  with  calcite,  clinozoi- 
site,  and  some  cpidotc.  The  hornblende  is  a  slightly 
pale  green  variet>\  This  rock  is  massive  and  exhibits 
no  sign  of  shear.  It  occurs  in  more  or  less  planar  dikes, 
measuring  from  6  inches  to  several  feet  across,  which 
transect  the  schistosit\-  of  the  country  rock.  It  thus 
seems  likely  that  tiiis  rock  was  cniplaced  after  the 
latest  regional  mctamorphism  of  the  enclosing  rocks 
had  occurred.  \  related  rock  may  be  the  dark 
gray,  somewhat  altered  andesite  showing  small,  scat- 
tered phenocrysts  of  hornijlcnde  and  plagioclasc  \\  hich 
occurs  as  a  small  plug-like  l)(jd\  about  a  mile  south 
and  east  of  Serpentine  Point.  Under  the  microscope, 
the  plagioclase  proves  to  be  sodic  oligoclase.  The 
microcrystallinc  ground  mass  contains,  besides  feld- 
spar, abundant  clinozoisite  and  some  chlorite.  A  few 
percent  of  quartz,  apatite,  and  sphene  are  present. 

Fine-grained  "saussuritizcd"  hornblende  diorite, 
which  niav  have  affinities  witii  the  dike-rocks  de- 
scribed above,  forms  several  relatively  large  dikes 
along  the  West  Branch  near  the  east  edge  of  the 
quadrangle.  The  dikes  range  in  thickness  from  4  to  8 
feet.  Some  of  the  rock  contains  rounded  inclusions 
rich  in  dark-brown  hornblende,  while  the  material 
immediatel)-  adjacent  to  the  inclusions  is  essentially 
devoid  of  ferromagnesian  minerals  and  contains  some 
quartz. 

Another  t\'pe  of  dike-rock  is  commonl)'  exposed  on 
this  part  of  the  West  Branch.  This  rock  is  light  green- 
ish-gra>'  or  tan  and  consists  of  a  microcrystallinc, 
largel\'  xenomorphic  aggregate  of  calcite,  "sericite", 
clinozoisite,  chlorite,  sphene,  albite,  and  some  epidote. 
The  original  rock  was  presumably  of  basic  or  interme- 
diate composition.  It  occurs  in  dikes,  up  to  5  feet  in 
thickness,  which  intersect  the  schistosity  of  the  coun- 
try rock  at  a  high  angle.  Unlike  the  hornblende-bear- 
ing rocks  described  above,  it  possesses  a  well-defined 
schistosity  which  parallels  that  of  the  enclosing  rocks, 
and  was  evidently  emplaced  prior  to  the  final  regional 
metamorphism  to  which  the  latter  were  subjected. 
Sharpl)-  angular  chips  of  slate  are  included  in  some 
of  these  dikes,  indicating  that  the  original  shale 
was  at  least  well-consolidated,  if  not  actually  con- 
verted to  slate,  at  the  time  the  dike  was  injected. 

.\  dark  greenish-gray,  porphyritic  andesite  intrudes 
the  Oregon  Cit\'  volcanics  just  northeast  of  Thompson 
Flat.  The  rock  is  massive  and  has  the  form  of  a  dike, 


150  feet  in  width,  which  can  be  traced  for  nearly  a 
mile.  Abuiulant  phcnocrvsts  of  plagioclase  and  a  few 
prisms  of  hornblende  are  held  in  a  tough,  microcrystal- 
line  to  aphanitic  groundmass.  Locally  the  hornblende 
occurs  as  broad  phenocrysts  up  to  1  inch  in  length, 
but  more  often  it  is  inconspicuous.  Microscopic  ex- 
amination shows  the  feldspar  (60-65° o)  to  be  slightly 
clouded  with  minute  inclusions  of  "sericite".  The 
feldspar  occurs  both  as  short  euhedral  phenocrysts 
(.^0  ),  ranging  from  1  to  4  mm  in  length,  and  as 
microlites  in  a  trachytic  tf)  pilotaxitic  groundmass. 
Most  of  the  feldspar  is  a  rather  acid  variety  of  plag- 
lioclase,  possibly  as  sodic  as  albitc-oligoclase.  The 
hornblende  (  10-15'  ,)  is  greenish  brown  and  is  partl\- 
altered  to  chlorite.  It  is  seen  as  subhcdral  prisms,  and 
does  not  appear  to  be  of  uralitic  origin.  Small,  rec- 
tangular aggregates  of  chlorite  and  quartz  (?)  are 
outlined  and  transected  by  sul)-parallcl  trains  of 
sphene.  These  constitute  about  5  percent  of  the  rock 
and  are  believed  to  be  pseudomorphs  after  biotite. 
Chlorite  is  also  commonly  interstitial  to  the  feldspar 
microlites  in  the  groundmass.  I-.pidote,  apatite,  clino- 
zoisite, and  quartz  are  present  in  trace  amounts.  A 
minor  quantity  of  carbonate  occurs  in  minute  \einlets. 
From  the  mineral  composition,  it  appears  that  the 
rock  is  a  kcratophyre  or  an  andesite  w  ith  strong  kera- 
tophyric  affinities. 

"Superjacent  Series" 
Chico  Formation 

Nearly  flat-lying  fossiliferous  marine  sandstones  un- 
derlie small  areas  near  Pentz  and  in  the  can\ons  of 
Butte  Creek  and  Little  Butte  Creek.  These  rocks  are 
correlated  on  the  basis  of  their  distinctive  lithology 
and  faunal  content  w  ith  the  L'pper  Cretaceous  Chico 
Formation,  whose  type  section  lies  but  a  few  miles 
northwest  of  the  Oroville  Quadrangle. 

The  name  "Chico"  was  first  proposed  as  a  group 
name  by  Gabb  (1869,  p.  129,  footnote)  who  used  it 
"for  the  beds  of  which  Chico  Creek,  Pence's  Ranch 
and  Tuscan  Springs  are  t\pical  localities."  Thus  the 
deposits  at  "Pence's  Ranch"  (now  Pentz)  were  appar- 
ently considered  1)\'  (Jabb  to  be  an  auxiliar\-  t\pe 
locality  for  the  Chico.  A  more  definite  designation 
was  given  by  Stanton  (1896,  p.  1013): 

The  rocks  .  .  .  Ion  Chico  Creek  I   .  .  .  are  nou    known 

to  be  Cretaceous,  anil  this  must  be  regarded  as  the  typical 

locality  of  the  Chico  group,  to  which  it   [Chico  Creek] 
gave  its  name. 

Since  the  term  "Chico"  was  advanced  b\'  Gabb,  it 
has  been  used  in  several  wa\s  which  differ  from  its 
original  usage,  and  has  been  the  subject  of  consider- 
able debate  among  workers  concerned  with  the  sub- 
division of  the  California  (cetaceous.  Whitney  (in 
Gabb,   1869,  pp.  xii-xiv)  stated: 

The  Chico  group  is  one  of  the  most  extensive  and  im- 
portant members  of  the  Pacific  Coast  Cretaceous.  Its  exact 
relations  with  tiic  formation  in  !■  urope  have  not  yet  been 
fully  determined,  though  it  is  on  the  horizon  of  either  the 
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Upper  or  Lower  Chalk,  ami  imiy  probably  orovc  to  be 
the  equivalent  of  both  ....  It  includes  all  of  the  known 
Cretaceous  of  Oregon  and  of  the  extreme  northern  por- 
tion of  California  .... 

Stanton  (189^.  pp.  245-256)  apparently  initiated  the 
practice  of  using  "Chico"  as  a  forniational  name  rather 
than  a  o^roiip  name.  This  usage  has  also  been  followed 
in  all  of  tlic  L'  S.  Clcolotjical  Sur\c\'s  folios  in  which 
the  Chico  was  mapped.  Dillcr  and  Stanton  (1894) 
used  the  term  "Chico"  both  as  a  forniational  (or 
group)  name  and  as  part  of  the  name  for  a  whole 
series  w  hich  included  all  of  the  Cretaceous  deposits  in 
California— the  "Shasta-Chico  series".  The\'  noted  (p. 
444): 

The  strata  exposed  at  these  localities  (Pentz,  Chico 
Creek,  and  other  localities  along  the  eastern  border  of  the 
Sacramento  X'alley)  are  comparatively  thin,  and  on  struc- 
tural grounds  they  are  correlated  \\  ith  the  upper  portions 
of  the  beds  referred  to  the  Chico  in  the  sections  on  the 
west  side  of  the  Sacramento  valley.  This  correlation  is 
supported  b>'  the  fact  that  the  few  fossils,  such  as  A7;i- 
7>!oiiitcs  (Schloenhacbia)  chicoeiisis  and  Nuciila  irunaila, 
found  only  in  the  upper  parts  of  these  sections,  are  com- 
mon at  the  t\pical  localities  above  referred  to,  though  the 
very  small  number  of  species  makes  the  comparison  with 
the  rich  fauna  of  the  cast  side  of  the  valley  less  satisfactory 
than  is  desirable.  On  the  other  hand,  the  lower  1.000  feet 
of  the  Chico  in  the  measured  sections  *  are  very  fossilifer- 
ous,  and  the  fauna  they  have  yielded,  though  not  as  large 
as  that  of  the  typical  Chico  localities,  has  many  species  in 
common  with  it,  together  with  some  that  have  not  been 
found  there. 

Anderson  (1937,  p.  1612)  designated  a  series,  in- 
cluding the  Upper  Cretaceous  deposits  in  California 
and  Oregon,  by  the  name  "Chico";  he  stated: 

These  Upper  Cretaceous  deposits  make  up  the  Chico 
series.  It  is  nowhere  found  in  a  single  section,  but  on  the 
whole  aggregate  25,000  feet  or  more  in  thickness  .... 
The  Panoche  group,  including  the  Chico  Creek  .  .  .  beds, 
has  characteristic  faunas  in  its  upper  one-third,  but  its 
lower  and  major  part  is  barren. 

Taff,  Hanna.  and  Cross  (1940),  realizing  the  need 
for  some  adequate  definition  of  the  term  "Chico", 
made  observations  and  collected  fossils  on  Chico 
Creek  and  in  other  nearby  areas  where  Cretaceous 
rocks  are  e.xposed.  They  found  (p.  1316)  that  "the 
areas  of  Chico  strata  exposed  in  Chico  Canyon  are 
more  extensive  and  more  accessible  than  in  any  other 
locality  in  the  vicinity  of  Chico"  and  concluded  (p. 
1312)  that  "Chico  Creek  must  be  considered  the  type 
locality  in  any  discussion  of  the  rocks  which  bear  that 
name." 

The  largest  part  of  the  area  of  study  underlain  by 
the  Chico  Formation  lies  in  the  low,  rolling  hills  just 
southwest  of  Pentz.  A  somewhat  smaller  area  of  Chico 
exposures  lies  on  the  opposite  side  of  Dry  Creek,  at 
the  lowest  part  of  the  northw  est  slope  of  North  Table 
Mountain.  Because  most  of  the  formation  is  composed 

*  Diller  and  Stanton  measured  sections  on  Elder  Creek,  Te- 
hama County,  and  on  the  North  Fork  of  Cottonwood  Creek, 
Shasta  County,  and  obsened  the  section  on  the  Cold  Fork  of 
Cottonwood  Creek,  fifteen  miles  north  of  Elder  Creek. 


of  rather  friable  sandstone,  the  slopes  in  these  areas  are 

usually  mantled  by  st)il,  and  outcrops  arc  restricted  to 
rhe  banks  of  innumerable  small  gullies  eroded  into 
hillsides.  The  Chico  Formation  also  crops  out  rather 
poorly  along  Butte  Creek  and  Little  Butte  Creek,  in 
the  northwestern  (]uartcr  of  the  iiuadrangle.  It  lies  at 
the  bottom  of  these  can\'ons,  and  is  overlain  bv  upper 
Tertiar\-  sedimentary  and  volcanic  rocks.  Recent 
stream  gravels  and  talus  from  the  steep-sided  inter- 
stream  ridges  tend  to  mask  the  Chico,  so  that  f)utcrops 
are  more  or  less  limited  to  the  banks  immediately 
bordering  upon  the  creeks.  Large  fragments  of  gray 
Chico  sandstone  and  siltstone,  too  soft  to  have  been 
transported  far,  are  abundant  among  the  dredge-tail- 
ings on  Little  Butte  Creek,  where  the  Chico  appar- 
enth-  served  as  false  bedrock  for  the  dredging  opera- 
tion. 

The  Chico  Formation  is  characterized  by  light- 
colored,  massive  fossiliferous  sandstone.  It  is  usually 
NcUowish-biifT,  pale  greenish-buff,  or  light  gray,  al- 
though \\  eathcred  outcrops  may  be  w  hite  or  orange- 
buff.  Bedding  is  thin  to  thick,  and  cross-bedding  is  fre- 
quentl\-  observed.  The  more  massive,  finer-grained 
types  tend  to  weather  spheroidallv.  The  sandstone 
is  normally  quite  friable,  but  some  thick,  irregular 
beds  are  tightl\'  cemented  by  calcite,  especially  in  the 
vicinity  of  highK'  fossiliferous  horizons.  Grain-size 
ranges  from  very  fine-grained  to  medium-grained,  and 
individual  strata  tend  to  show  fair  to  excellent  size- 
sorting.  .\lthough  siltstone  and  shale  are  interbedded 
with  the  coarser-grained  sediments  in  places,  the  sand- 
stone seldom  contains  an\-  appreciable  admixture  of 
silt  or  clay. 

Under  the  microscope,  the  sandstone  is  seen  to  be 
well-sorted  and  rather  loosely  packed.  In  the  cemented 
varieties,  microcrystalline  calcite  may  make  up  to  50 
percent  of  the  rock  and,  very  locally,  the  sandstone 
may  grade  into  arenaceous  limestone.  The  grains  are 
dominantly  angular  to  subangular,  and  consist  chiefly 
of  quartz  ( 30°o),  feldspar  (both  plagioclase  and  ortho- 
clase,  15-20"o),  unstable  lithic  fragments  (especially 
slate  and  chlorite  schist  15-20°o),  and  detrital  chert 
(10°o).  Minor  but  characteristic  minerals  may  to- 
gether total  up  to  15  percent  and  include  biotite, 
green  and  blue-green  hornblende,  epidote,  clinozoisite, 
and  muscovite. 

Thin  lenticular  beds  of  pebble  to  fine  cobble  con- 
glomerate occasionally  are  interbedded  with  the  finer- 
grained  sediments.  The  pebbles  are  subrounded  to 
well-rounded,  and  consist  principally  of  light-to  dark- 
colored  chert,  quartzite,  altered  quartz-bearing  plu- 
tonic  rocks,  and  porphvritic  to  non-porphyritic  meta- 
igneous  rocks.  The  conglomerate  is  usually  hard  and 
tightly  cemented  by  calcite,  and  often  contains  abund- 
ant fragments  of  marine  mollusk  shells. 

Pelitic  sediments  are  relatively  rare  among  the  Chico 
rocks.  Fragments  of  blue-gray,  massive,  firm,  biotitic 
siltstone  are  abundant  among  the  dredge-tailings  along 
Little  Butte  Creek,  but  rocks  of  this  type  were  not 
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found  in  place  there.  .A  few  poorl\-  exposed  outcrops 
of  light  tan,  reddish-brown,  or  gray  sand>-  shale  and 
cla\  stone  occur  near  Pentz.  Most  of  the  pelitic  types, 
however,  occur  as  relatively  thin  partings  in  some  of 
the  finer-grained  sandstone. 

The  majority  of  the  Chico  sediments  contains  fossils 
in  (ine  form  or  another.  Poorly  preserved  and  frag- 
nicnfar>-  plant-remains  are  often  present  on  the  bed- 
ding-planes in  the  finer-grained  rocks.  Fragmentary 
and  complete  molds  and  casts  of  the  shells  of  marine 
moUusks  are  abundant  in  much  of  the  sandstone,  espe- 
cialK  along  bedding-surfaces  in  thin-bedded  types.  \t 
a  few  localities  original  shell-material  has  not  been 
leached  awa>-  and  is  concentrated  in  irregular,  calcite- 
cemented  sandstone  beds  that  grade  tocailx  into  sandy 
coquina. 

The  Chico  Formation,  being  tiic  oldest  unit  of  the 
"Superjacent  series",  rests  with  profound  unconformity 
upon  the  beveled  edges  of  the  stcepl\-  dipping  bedrock 
formations.  The  Cretaceous  strata  abut  gently  upon  a 
westward-sloping  bedrock  surface  which  was  formed 
in  pre-Chico  time.  The  contact  cannot  be  directly  ob- 
served within  the  Orovillc  quadrangle,  since  it  is 
masked  by  younger  sedimentary  and  volcanic  rocks 
and  b>-  Quaternary  alluvium.  Taff,  Hanna  and  Cross 
(1940,  p.  1317)  described  the  relations  seen  on  Chico 
Creek  northwest  of  Paradise  as  follows: 

At  and  near  the  base  [of  the  Chico  section!  in  Chico 
Canyon,  the  sandstone  contains  beds  of  conglomerate  of 
dense  and  smoothly  rounded  quartzitc,  quartz,  schist,  and 
granitic  rocks  with  the  common  sand  matrix.  .  .  .  The 
Chico  beds  .  .  .  [rest]  .  .  .  unconformably  upon  steeph 
inclined  metamorphosed  schistose  shales  and  sandstone, 
[and]  dip  monoclinically  at  an  average  of  10  degrees  ap- 
proximately S  70°  W.  .  .  . 

Next  youngest  to  the  Chico  are  the  middle  Eocene 
"Dry  Creek"  and  lone  Formations,  which  directly 
overlie  the  Chico  on  the  west  side  of  Messilla  Valley 
and  on  the  west  slope  of  North  Table  Mountain  near 
Pentz.  Tiie  contact  is  not  exposed,  largely  because  ot 
the  overall  incompetent  character  of  the  formations 
involved,  but  may  be  mapped  in  detail  sufficient  to 
demonstrate  that  a  marked  disconformity  exists  be- 
tween the  two  units.  Both  the  Eocene  and  the  Cre- 
taceous strata  dip  gentl\'  toward  the  west,  and  w  hen 
present  elevations  are  corrected  for  this  dip,  a  relief 
of  at  least  175  feet  is  found  to  exist  upon  the  eroded 
upper  surface  of  the  Chico  rocks.  The  Eocene  sedi- 
ments have  filled  the  depressions  in  this  surface. 

W'here  Eocene  beds  are  absent  near  Pentz  and  along 
Butte  and  Eittle  Butte  Creeks,  the  Chico  is  overlain 
with  mild  angular  unconformit\-  by  the  Pliocene  (?) 
New  Era  Formation  or  Upper  I'liocene  Tuscan  For- 
mation. The  relationship  is  best  seen  at  Pentz.  The 
younger  strata  dip  rather  consistentK-  1  or  2  degrees 
toward  the  southwest;  the  Chico  beds  vary  consider- 
ably in  attitude,  but  usually  dip  less  than  5  degrees 
toward  the  west.  Elsewhere,  the  Chico  is  overlain  b\ 
Quaternary  alluvium  and  related  deposits. 


The  maximum  exposed  thickness  of  the  Chico  For- 
mation in  the  Oroville  quadrangle  is  found  southwest 
of  Pentz,  where  about  175  feet  are  exposed.  The 
stratigraphic  relationships  of  the  Chico  with  the 
underlying  bedrock  surface  suggests  that  the  forma- 
tion progressively  increases  in  thickness  toward  the 
west,  beneath  the  alluvial  cover  of  the  Sacramento 
\'allc\'.  This  suggestion  is  supported  by  the  fact  that 
in  all  of  the  sc\cral  gas  wells  drilled  within  or  just 
west  of  the  quadrangle,  the  L'pper  Cretaceous  is  con- 
siderably thicker  than  in  the  meagre  outcrop  section 
at  Pentz.  just  how  much  of  the  Upper  Cretaceous 
strata  had  been  stripped  off  prior  to  middle  Eocene 
("Dry  Creek")  time  is  not  known.  The  Chico  sedi- 
ments have  a  distinctlx'  near-shore,  shallow  water  as- 
pect, and  the  deposits  at  Pentz  no  doubt  mark  a  site 
close  to  the  shore  line  of  a  transgressing  Upper  Creta- 
ceous sea.  The  higher  parrs  of  the  area  l\ing  east  of 
Pentz  were  emergent  at  the  time  these  deposits  were 
laid  down,  but  it  is  not  certain  that  they  remained 
above  sea  level  throughout  Late  Cretaceous  time. 

1  he  top  of  the  Chico  Formation  exposed  in  Big 
Butte  and  Little  Butte  Creeks  dips  gently  toward  the 
southwest  at  a  slightly  higher  angle  than  that  of  the 
stream  gradient,  so  that  the  thickness  in  the  surface 
outcrops  progressivel\'  increases  upstream  toward  the 
northeast.  Its  maximum  thickness  on  Little  Butte 
Creek  within  the  mapped  area  is  about  60  feet.  .\s 
noted  above,  a  mild  angular  unconformit\-  separates 
the  Chic(j  I'ormation  from  the  o\erl\  ing  late  Tertiary 
volcanic  and  sedimentary  rocks.  As  a  result  of  this 
unconformity,  according  to  TafF,  Hanna,  and  Cross 
(1940,  p.  1317),  the  Chico  is  gradually  overlapped  by 
the  \()unger  rocks,  and  is  cut  out  entirel\  (in  Butte 
and  Little  Butte  Creeks  several  miles  north  ot  the 
northern  limits  of  the  Oroville  quadrangle.  Thus, 
while  the  thickness  of  the  surface  section  increases 
toward  the  north,  the  total  thickness  of  the  formation, 
including  the  subsurface  section,  decreases  in  that  di- 
rection. The  thickness  of  the  Chico  at  the  type  localit\ 
on  Chico  Creek  is  approximately  2000  feet. 

Well-pre.served  marine  fossils  were  found  in  the 
Chico  Formation  at  several  localities  near  Pentz.  These 
w  ere  identified  by  i'rofessor  J.  \\'\att  Durham  and  are 
recorded  in  the  check  list  below  (Table  4).  None 
V.  ere  fouiul  in  place  in  the  area  to  the  west  although 
abuiulant  fragments  of  fossiliferous  sandstone  are  as- 
sociatetl  w  ith  recent  terrace  gravels  along  Butte  Creek. 

The  fossiliferous  Cretaceous  strata  at  Pentz 
("Pence's  ranch"  of  carl\-day  workers)  have  long 
been  known  and  references  to  them  appeared  fre- 
qucntl\  in  the  older  literature.  The  lirst  list  of  species 
collected  in  the  area  was  published  1)\-  Gabb  (1864, 
pp.  219-236),  who  listed  33  species  for  the  locality. 
Sul)set]ucnt  lists,  containing  some  forms  not  previously 
found,  were  published  b\  Whitney  (1865,  p.  210), 
and  In-  Turner  (1894,  pp.  459-460). 
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The  latest  published  reference  to  the  fauna  at  Fentz 
was  written  b\-  Tatf,  Hanna,  and  Cross  ( 1940,  p. 
1318),  who  stated: 

At  the  hitter  place  (i.e.  at  Pentz)  frontal  erosion  of  the 
flow  rocks  has  exposcii  Cretaceous  rocks,  and  at  all  these 
nearby  localities  it  has  not  been  ilifficult  to  ilctcrniine  the 
fossil  content  of  the  sediment  as  Chico. 

Durham*,  after  examining  the  fossils  collected  by  the 
writer  at  Pentz,  concluded  that  the  rocks  containing 
them  are  appro\iniatel\'  tiie  same  age  as  the  fossil- 
iferous  part  of  the  type  Chico.  Popenoe  (1943)  subdi- 
vided the  Upper  Cretaceous  sediments  of  the  Redding 
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4.      Check  list  of  megafossils  from  the  Chico  formation, 
(localities  are  described  in  appendix) 


Locality  number  shown 
on  geologic  map 

4 

5 

6 

7 

8 

9 

10 

11 

University  of  California 
Museum  of  Paleontology 
Locality  Number 

CO 

a. 
< 

< 

CM 

o 

CN 
1 

03 
CN 
CD 

CN 

o 

CN 

PELECYPODA 

Acila    demessa    Finlay    

Anomia    sp. 

X 
X 

X 

X 
X 

X 

X 
X 
X 

X 
X 

X 

X 
X 

X 
X 

X 

X 
X 

X 

X 
X 

X 
X 
X 

X 

X 

X 
X 

X 
X 
X 

X 

Anthonyia   cult'iformia  Gabb  — 

Co/vo    varians    (Gabb)    

X 

Cymbophora  ashburneri  Gabb-.. 

Flavenfia    sp 

Glycymeris   veatchi   Gabb    - 

inoceramus  sp.   

X 

? 

Ostren     sp. 

Pinna    sp. 

Tellina   ooides   Gabb 

rrinocr(o(?)    n.sp.    

GASTROPODA 

Acteontna(?)     sp 

Anchuro  falciformis  Gabb 
Cinulin    oh/iqim   G^bb        .    . 
Cylichnina    sp. 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 
X 
X 

X 

X 
X 

X 

Cyrodes   expanse    Gabb    

X 

Nerita    n.sp.(?) 

Ptomides  tenuis  Gabb  -           -  .. 

? 

CEPHALOPODA 

6ocu///es  sp.   _ 

Svbmortoniceras   chicoensis 

Trask    

X 

X 

SCAPHOPODA 

Cadulus    sp 

X 

area  into  six  members.  Two  distinctive  sub-faunas  are 
recognized  as  characteristic  of  the  upper  and  lower 
parts,  respectively,  of  the  section.  The  xounger  sub- 
fauna  is  characteristic  of  the  upper  two  members  and 
a  major  portion  of  the  third-highest  member.  The 
younger  sub-fauna  has  among  its  "most  abundant  and 

•  Personal  communication,  1954. 


characteristic  forms"  Glycymeris  veatchil  and  Gyro- 
tics  expansa,  both  of  which  are  also  present  in  the  col- 
lection from  Pcnrz.  Concerning  this  younger  sub- 
fauna,  Popenoe  (p.  312)  wrote: 

Tills  faunal  assemblage  occurs  ...  at  Butte  Creek  and 
Chico  Creek  in  Butte  County,  in  the  lower  200  feet  of 
the  Cretaceous  section.  The  rather  sparse  collections  ob- 
tained from  horizons  200  to  1000  feet  above  the  base  of 
the  section  at  Chico  Creek  can  not  at  present  be  definitely 
correlated  with  any  part  of  the  Redding  section  but  may 
represent  some  part  of  member  \'l  [the  youngest  member 
recognized).  The  faunas  from  horizons  1000  to  2000  feet 
above  the  base  .  .  .  are  characterized  by  the  appearance 
of  nian\'  species  not  found  at  Redding.  For  this  reason,  the 
upper  1000  feet,  and  perhaps  the  upper  1800  feet  of  the 
of  the  Chico  Creek  section,  are  believed  to  be  younger 
than  any  of  the  beds  exposed  in  the  Redding  region. 

Popenoe's  statement  is  borne  out  by  Taff,  Hanna,  and 
Cross  (1940,  pp.  1317-1 318): 

The  exposures  on  Chico  Creek  were  found  to  form  a 
unit  without  any  stratigraphic  break,  and,  since  certain 
zones  are  highly  fossiliferous,  it  would  seem  that  correla- 
tion with  other  localities  would  be  relatively  simple.  How- 
ever, the  contrary  has  proved  to  be  the  case.  Either  the 
assemblage  of  species  represented  there  occupied  peculiar 
environmental  conditions  and  was,  therefore,  somewhat 
local  in  nature,  or  equivalent  strata  are  not  well  known  in 
other  parts  of  California.  It  is  obvious  that  the  waters  dur- 
ing the  accumulation  of  these  strata  were  purely  marine 
in  character  and  it  is  equally  obvious  that  at  least  most  of 
the  sediments  was  derived  from  the  subsiding  land  mass  to 
the  east. 

Unfortunately,  the  volcanic  activity  of  the  Tertiary  cov- 
ered much  of  the  foothill  country  of  the  eastern  part  of 
the  Sacramento  \'alley,  and  it  is  only  where  erosion  has 
had  a  considerable  eflfect  that  the  underlying  rocks  may 
be  seen.  Thus  only  a  few  of  the  larger  streams  in  addition 
to  Chico  Creek  have  cut  through  the  mantle  of  volcanics. 
This  is  true  of  Butte  Creek  not  far  to  the  south  and  at 
Pentz's  (older  spelling  "Penz"  or  "Pence")  ranch,  some- 
what farther  south.  At  the  latter  place  frontal  erosion  of 
the  flow  rocks  has  exposed  Cretaceous  rocks,  and  at  all 
these  nearby  localities  it  has  not  been  difficult  to  deter- 
mine the  fossil  content  of  the  sediment  as  Chico. 

Northward  from  Chico  Creek  there  is  no  such  certainty 
of  position.  Characteristic  fossils  which  would  be  expected 
to  be  present  have  not  been  found,  and  consequently  the 
geological  relationships  remain  obscure. 

However,  the  difficulties  of  correlating  the  type 
Chico  \\ith  Upper  Cretaceous  strata  to  the  north  are 
dwarfed  by  the  complications  which  arise  when  a 
correlation  \\ith  the  rocks  on  the  west  side  of  the 
Sacramento  X'alley  is  attempted.  In  this  regard,  Taff, 
Hanna,  and  Cross  stated  (pp.  1318-1319): 

From  Redding  southward,  along  the  west  side  of  the 
Valley,  conditions  grow  more  and  more  obscure.  The 
types  of  sediment  have  changed  from  those  of  Chico 
Creek,  and  fossils  in  those  parts  of  the  section  where 
equivalent  strata  might  be  expected  are  nearly  nonexistent. 
A  good  assemblage  of  fossils  comparable  to  those  of  the 
Chico  Creek  localities  has  not  been  found  in  any  place 
anywhere  along  the  west  side  of  the  Sacramento-San 
Joaquin  \'allc>'  border,  a  distance  of  about  400  miles,  with 
man\'  magnificently  exposed  sections. 

It  might  be  expected  that  a  well  drilled  somewhere  out 
on  the  vallev  floor  would  furnish  evidence  which  would 
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help  to  extend  the  Chico  strata  westward.  Those  wliich 
have  been  drilled  have  either  been  unfortunately  located 
or  for  some  other  reason  have  failed  to  give  information 
of  the  slightest  importance  in  this  problem.  In  a  few 
cases,  microfossils  have  appeared  in  the  cores  of  the  wells 
but  they  are  neither  abundant  nor  comparable  with  the 
fauna  of  the  type  locality.  The  writers  were  unable  to 
find  any  microfaunas  in  the  samples  taken  in  Chico  Creek. 

Taliaferro  (1943h,  pp.  133-134)  stated: 

Thus  far  it  has  been  impossible  to  correlate  cither  the 
Pacheco  or  Asuncion  groups  I  early  and  late  Upper  Cre- 
taceous, respectively,  in  Coast  Ranges)  with  the  sediments 
of  the  type  section  of  the  Chico,  on  Chico  Creek,  Bune 
County,  on  the  east  side  of  the  Sacramento  \'alley.  .\bout 
2,000  feet  of  sediments  are  exposed  in  Chico  Creek  and 
there  are  said  to  be  12  fossiliferous  horizons  distributed 
almost  from  bottom  to  top.  These  sediments  rest  on  highly 
metamorphosed  Sierran  bedrock  and  dip  gently  westward. 
Considering  the  fossiliferous  character  of  these  beds,  it  is 
strange  that  a  more  positive  correlation  with  Upper  Cre- 
taceous sediments  in  other  parts  of  the  state  has  not  been 
made.  The  faunas  seem  to  be  more  closely  related  to  the 
Pacheco  than  the  .\suncion  but  there  are  some  forms 
which  are  characteristic  of  the  latter.  This  locality  is  more 
than  125  miles  from  any  occurrence  of  either  Pacheco  or 
.\suncion  sediments,  as  defined  previously,  and  this  might 
account  for  the  difference  in  faunas,  .\lthough  it  is  ad- 
mitted that  there  is  no  very  positive  evidence  on  the  sub- 
ject, the  writer  is  inclined  to  the  belief  that  the  sediments 
on  Chico  and  adjacent  creeks,  the  type  section  of  the 
Chico,  represents  parts  of  both  the  Pacheco  and  .Asuncion 
groups.  The  Chico  Creek  beds  were  deposited  on  the 
margin  of  the  Upper  Cretaceous  basin,  the  rigid  Sierran 
basement,  where  great  thinning  of  the  entire  section  w  ould 
be  expected,  and  in  a  region  unaflfccted  by  the  Santa 
I.ucian  orogeny  [mid-Upper  Cretaceous]. 

Undoubtedly  it  has  been,  in  part,  this  natural  lack  of 
adequate  paleontologic  and  lithoiogic  criteria  of  cor- 
relation betw een  the  t\pe  Chico  and  other  Upper  Cre- 
taceous rocks  \\  hicli  lias  led  to  the  \\idespread  confu- 
sion regarding  the  proper  use  of  the  term  "Chico". 
For  it  seems  clear  that  had  fossils  or  litholog\-  or  botli 
been  found  in  certain  parts  of  other  Upper  Cretaceous 
sections  w  hich  indicated  a  definite  correlation  betw  een 
these  parts  and  the  t\pe  Chico,  the  term  "Chico" 
\\  ould  have  been  applied  with  a  far  greater  degree  of 
consistency  than  has  been  the  case.  The  only  ways  in 
which  a  clarification  of  the  nomenclature  can  be 
achieved  are  to  cither,  as  Taliaferro  has  suggested 
(1943b,  p.  130),  discard  completely  the  term  "Chico" 
or  limit  the  term  to  a  local  formational  (or  group) 
name,  giving  priorit\-  to  Gabb's  original  definition  as  it 
has  been  clarified  by  Stanton  and  b\  Taff,  1  lanna  and 
Cross. 

"Greenstone  Gravel" 

The  Cherokee  hydraulic  mine  lies  about  12  miles 
north  of  Oroville  at  the  north  end  of  Table  Mountain. 
.Millions  of  cubic  \ards  of  sediment  iia\e  been  re- 
moved by  hydraulic  mining  methods.  Mining  here, 
except  for  the  negligible  work  of  "snipers",  has  long 
since  ceased.  But  the  bold  cliffs  left  b\-  the  miners  still 


stand  todaw  and  in  them  can  be  seen  many  of  the  de- 
rails of  the  Tertiary  sediments  and  lava  w  hich  at  other 
places  are  poorly,  if  at  all,  exposed.  The  main  excava- 
tion trends  slightly  west  of  north  parallel  to  the  upper 
course  of  Sawmill  Ravine  and  has  an  overall  length  of 
about  a  mile.  At  the  north  end  of  this  excavation,  a 
short  segment  of  an  ancient  river  channel  has  been 
partially  exhumed  by  mining  operations  and  by  nat- 
ural erosion  (Fig.  21).  Over  much  of  this  channel,  the 
bedrock  is  overlain  b\'  coarse  conglomerate  and  sedi- 
mentar\-  breccia  composed  largel\'  of  cobbles  and 
boulders  of  "greenstone"  identical  to  that  character- 
izing the  underlying  Oregon  City  Formation.  These 
beds,  because  of  their  very  limited  distribution,  have 
not  been  assigned  a  formational  name.  Instead,  the 
writer,  following  the  nomenclature  employed  by 
l.indgren  (1911,  p.  87)  and  Allen  (1929,  pp.  398-399), 
prefers  to  designate  them  b\'  the  colloquial  but  aptly 
descriptive  term  "greenstone  gravel".  Pettce  (1880,  p. 
481)  called  them  "blue  gravel",  and  noted  that  they 
strongly  resemble  beds  given  that  name  in  mines  of 
^'uba  and  Nevada  Counties.  This  unit  is  equivalent  to 
at  least  part  of  what  Lindgren  (1911,  p.  29)  also 
termed  "deep  gravels". 

The  "greenstone  gravel",  because  it  is  usualh*  more 
or  less  consolidated,  better  fits  the  definition  of  con- 
glomerate or  breccia  than  that  of  gravel.  It  is  ex- 
tremely ill-sorted  with  respect  to  size  (Fig.  22). 
Boulders  up  to  3  or  4  feet  across  are  very  often  inter- 
spersed with  more  abundant  cobbles  and  pebbles. 
Boulders  of  6  or  7  feet  in  maximum  dimension  are 
common  (Fig.  23),  and  several  measuring  15  feet 
across  have  been  observed.  The  boulders  and  cobbles 
are  largely  sub-angular,  and  many  of  them  show  in- 
cipient rounding.  The\'  consist  mostly  of  gra\ish- 
green  bedded  tuff  or  volcanic  sandstone,  lapilli  tuff, 
and  tuff-breccia,  identical  in  all  respects  to  the  under- 
1\  ing  bedrock  (Oregon  Cit\'  Formation).  Cobbles  and 
boulders  of  vein-quartz  are  locally  abundant.  Pebbles 
and  cobbles  of  quartz  and  chert  and  a  few  of  diorite 
and  feldspar-porphyry  accompany  the  predominant 
"greenstone".  .\t  most  localities  the  matrix  is  quartz- 
chcrt-"greenstonc"-pebble  conghjmerate,  cemented  by 
calcite  or  b\-  iron  oxide;  at  others  the  matrix  consists 
ot  ill-sorted,  olive-green  argillaceous,  biotitic,  lithic 
sandstone  and  grit.  Bedding  in  the  conglomerate  and 
breccia  is  usually  obscure  or  lacking  altogether,  but 
at  a  few  localities  it  is  well-defined  b\  interheds  of 
sandstone.  At  one  point  in  Sawmill  Ravine,  several 
beds  of  dirty  olive-green  argillaceous,  biotitic,  lithic 
sandstone  and  calcite-cemenrcd  lithic  grit  are  inter- 
calated with  the  "gravel". 

Ihe  "greenstone"  cobbles  and  boulders  arc  usually 
i]uite  fresh.  .Xt  some  localities,  however,  especiall)'  in 
the  upper  part  of  the  channel,  they  are  strongl\'  weath- 
ered and  have  been  altered  to  yellowish-brown  or 
reddish-brown  clayey  material.  The  cobble  sizes  seem 
ro  be  most  scvcreK-  affected,  but  c\cn  the  boulders 
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Figure  21.  Aerial  view  of  Cherokee  hydraulic  mine  (Sawmill  Ravine).  Cherokee  in  foreground.  Channel  marked  by  broad  line  of  toilings  at 
lower  left.  Sugarloaf  at  left.  In  background  is  North  Table  Mountain  capped  by  "older  basalt".  Note  large  columns  of  basalt  beginning  to  topple, 
another    already    on    side,    and    recent    rockslide    covering    old    landslide.    Camera    bears    S.    25      W.    Photo    by    T.    C.    Slater,    1954. 


are  encased  in  "rotten"  shells.  In  this  regard,  Pettee 
(1880,  p.  481)  stated: 

Above  the  blue  gravel  there  is  a  remarkable  stratum, 
varying  from  three  to  ten  feet  in  thickness,  of  the  so 
called  "rotten  boulders"'.  These  have  evidently  been  ex- 
posed to  decomposing  agencies,  for  though  still  retaining 
their  shape,  they  contain  a  great  deal  of  yellowish-red  iron 
oxide,  and  are  very  easily  broken  up.  The  line  between  the 
rotten  boulders  and  the  blue  gravel  frequently  passes 
through  a  pebble  or  boulder  in  such  a  way  that  the  upper 
half  has  to  be  reckoned  with  one  stratum  and  the  lower 
half  with  the  other. 

Lindgren  (1911,  p.  87)  noted  that,  a  "few  feet  of  rot- 
ten boulders"  lay  above  the  fresh  "greenstone  gravel", 
and  that  they  represent  "simplv  deconipo.sed  gravels" 
from  the  material  below,  .\llen  (1929,  pp.  398-399), 
discussing  Lindgren's  "few  feet  of  rotten  boulders", 
stated  that  they  are  "composed  of  boulders  so  de- 
cayed and  soft  that  they  could  not  have  been  trans- 
ported without  disintegrating."  The  bedrock  in  the 
upper  end  of  the  channel,  unlike  that  found  to  the 
southwest,  has  been  converted  to  red  and  yellow,  soft, 
cla\ey  lithomarge  which,  in  places,  exhibits  relict  bed- 
ding and  cleavage  inherited   from   the  original   rock. 


The  decomposition  of  the  "greenstone  gravel"  and  of 
the  underlying  bedrock  are  attributed  to  the  deep 
chemical  decay  which,  as  Allen  (1929,  p.  383-390) 
pointed  out,  preceded  the  deposition  of  the  lone  For- 
mation. It  follows  that  the  "greenstone  gravel"  itself 
must  have  been  deposited  prior  to  the  pre-Ione  period 
of  chemical  weathering. 

The  "greenstone  gravel",  because  it  covered  an  ir- 
regular, hummocky  bedrock  surface,  varies  rapidly 
in  thickness  from  place  to  place.  The  maximum  ex- 
posed thickness,  about  40  feet,  occurs  at  the  collar  of 
the  main  drainage  shaft  in  Sawmill  Ravine,  but  since 
the  base  is  not  exposed  there,  the  total  thickness  may 
be  much  greater.  At  most  places,  however,  the  thick- 
ness does  not  exceed  15  feet. 

The  "greenstone  gravel"  is  overlain  by  quartz-kao- 
linite  *  sandstone  and  conglomerate  of  the  middle  Eo- 
cene "auriferous  gravels".  The  contact  between  the 
two  units  was  observed  on  the  northwest  side  of  the 


*  The  present  writer  uses  the  term  kaolinite  as  an  abbrevia- 
tion for  any  member  of  the  kaolinitc-anauxite  series  proposed 
by  Ross  and  Kerr  <19.n).  The  members  of  the  series  are,  .so 
far  as  known,  indistinguishable  from  one  another  except 
through   chemical   analysis  or   X-ray   studies. 
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Figure   22.      "Greenstone    gravel",    Cherokee   mine. 

ancient  river  cliannel  described  above.  I'licre,  about 
a  foot  of  gra\',  argillaceous  sandstone  lies  above  "rot- 
ten greenstone  gravel",  and -is  gradational  with  the 
matrix  of  th';  "gravel".  The  upper  few  inches  of  the 
sandstone  are  stained  orange  and  are  capped  by  a  thin, 
undulating  crust  of  iron-oxide.  The  crust  is  in  turn 
o\erlain  by  sandstone  and  conglomerate  typical  of  the 
lower  part  of  the  "auriferous  gravels".  The  contact  is 
interpreted  as  a  slight  erosional  disconformitw 

In  several  of  the  biotitic  sandstones  which  are  inter- 
bedded  \\  ith  the  "rotten  greenstone  gravel",  the  bio- 
tite  is  accompanied  by  scattered  flakes  of  w  hat  appears 
to  be  kaolinite.  It  is  suggested  that  the  kaolinite,  rather 
than  being  dctrital,  as  it  is  in  the  overlying  "auriferous 
gravels",  was  formed  in  place  at  the  expense  of  part  of 
the  biotite.  The  alteration  would  presumably  have 
taken  place  at  the  time  the  enclosing  "greenstone 
gravel"  was  also  weathered.  .'Mien  (pp.  387-388)  de- 
scribed anauxite  in  a  dcepl\  \\eathered  biotite-horn- 
blende  granodiorite  near  N'e\ada  Cit\-,  and  presented 
evidence  which  indicated  that  the  anauxite  there  had 
formed  from  the  biotite. 

That  the  "greenstone  gravel"  was  deposited  in  a 
stream  channel  is  be\ond  question.  It  is  restricted  to 
a  long,  southwest-trending,  trough-like  depression  cut 
into  the  underlying  bedrock.  The  width  of  the  de- 
pression varies  between  800  and  1400  feet.  It  slopes 
approximately  200  feet  per  mile  southw  estward.  The 
upper  end  has  been  eroded  away  so  that  a  projection 
of  the  channel  toward  the  northeast  passes  off  into 
space.  The  lower  end  is  covered  bv  later  sediments. 


The  bottom  of  the  depression  has  an  overall  flatness, 
l)ut  in  detail  is  very  hummocky,  ami  exhibits  such 
features  as  fluting  and  potholes  in  abundance.  The 
"greenstone"  boulders  and  cobbles  show  little,  if  any, 
rounding  and  are  composed  of  material  derived  from 
the  same  bedrock  volcanic  formation  w  hich  at  present 
directl\  underlies  the  "gravel".  This,  combined  with 
the  unusuall)  large  size  of  the  clasts,  indicates  that  the 
material  composing  the  "gravel"  was  subjected  to  very 
little  stream-transportation.  Instead,  the  writer  con- 
siilers  it  likely  that  the  cobbles  and  boulders  were  em- 
placed  in  their  present  positions  largely  as  talus  and 
rockslide  material  derived  from  steep  hillsides  which 
once  rose  from  the  edges  of  the  channel.  Bedrock 
slopes  as  high  as  30  degrees  exist  today  at  the  edges 
of  the  channel,  and  these  may  have  been  even  greater 
when  the  stream  was  active.  On  the  other  hand,  the 
tincr-grained  material  which  now  fills  the  spaces 
between  the  clasts— largely  quartz  sand  and  pebble- 
gravel— is  no  doubt  the  product  of  stream  transporta- 
tion and  rounding.  It  may  well  have  been  carried 
considerable  distances  from  highlands  l>'ing  in  the 
drainage  area  of  the  stream  and  washed  into  the 
spaces  between  the  larger  clasts.  At  any  rate,  it  seems 
doubtful  that  two  t\pes  of  sediment  were  ever  tran.s- 
portcd  together  for  an\-  great  distance. 

So  far  as  the  writer  is  aware,  no  fossils  iiave  been 
found  in  the  "greenstone  gravel"  at  Cherokee  so  that 
a  determination  of  its  age  must  be  based  upon  its 
stratigrapiiic  position  and  inferred  correlation  w  ith  de- 
posits of  known  age.  Lesquereux  (1888,  pp.  28-31) 
described  a  fossil  flora  collected  by  J.  S.  Diller  from 
the  "deep  gravels"  near  Susanville.  Lesquereux  re- 
garded 15  species  as  being  of  Eocene  age.  Knowlton 
(1911,  pp.  60-61)  restudicd  the  original  collection, 
along  with  additional  material  from  the  Susanville  lo- 
calit\ ,  and  concluded: 

it  .ippcars  beyond  rcasonalilc  iiucsrion  tliat  tlic  lower 
plant-bearing  beds  southwest  of  Susanville  arc  probabh 
below  and  slightly  older  than  the  typical  auriferous  gravels, 
hence  are  possibly  in  the  Upper  l.ocene. 


Figure  23.  "Greenstone  grovel"  resting  on  irregului  L^Jio^k  sur- 
face. Above  pick  is  6-foot  block  of  "greenstone".  North  end  of 
Cherokee  channel. 
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Know  Iron  i  p.  64)  considcrcil  tlic  Horn  of  rlic  "aiirit- 
cri)us  gravels"  to  be  of  .Miocene  age.  Chanc\'  ( 19.?2, 
pp.  299-.^01),  however,  pointed  out  that  tlie  "aurifer- 
ous gravels"  actuall>-  include  beds  ranging  in  age  from 
Foccne  to  .Miocene.  Later  .MacGinitic  (1941,  pp.  1-4) 
stated  that  the  "auriferous  gra\els"  included  rocks  of 
lower  Pliocene  age.  Thus  Knowlton's  statement, 
quoted  above,  regarding  the  age  of  the  Susanville 
flora  appears  to  siied  little  light  on  tiic  present  ques- 
tion. 

Beds  above  the  "greenstone  gravel"  at  Cherokee 
yielded  plant  fossils  almost  ccrtainlx'  of  the  same  age 
as  a  middle  Eocene  flora  which  occurs  near  Colfax. 
Thus  it  appears  that  the  "greenstone  gravel"  here  is 
no  Nounger  than  middle  I'.ocene.  Viiis  conclusion  is 
supported  by  tiie  fact  that  the  deposition  of  the 
"greenstone  gravel"  appears  to  have  preceded  the 
period  of  deep  chemical  \\  eathering  \\  hich  antedated 
the  lone  (middle  I-.ocene).  The  relationships  of  these 
beds  to  the  "deep  gravels"  at  Susanville  is  not  known; 
they  may  be  correlative,  although  it  seems  unlikely 
that  all  of  Lindgren's  "deep  gravels"  throughout  the 
Sierra  are  of  exactly  the  same  age.  i.indgren  himself 
(1911,  p.  29)  realized  this  possibility,  for  he  stated: 

It  is  likely  that  these  I  deep  1  gravels  are  of  Eocene  age, 
and  some  of  them  along  the  Tertiary  Yuba  River  may 
even  be  Cretaceous. 

.\llen  (1929,  p.  400)  suggested  the  possibility  that 
the  "greenstone  gravel"  is  correlative  with  the  Upper 
Cretaceous  Chico  strata  which  lie  to  the  west  near 
Pentz. 

The  stratigraphic  position  of  the  "greenstone  gravel" 
and  the  abundance  of  biotite  in  the  finer-grained  sedi- 
ments interbedded  with  the  "gravel"  suggest  that  this 
unit  is  contemporaneous  with  either  the  Upper  Cre- 
taceous Chico  Formation  or  the  middle  Eocene  "Dr\- 
Creek"  Formation.  The  abundance  of  quartz  and  chert 
pebbles  in  the  matrix  of  the  "gravel"  may  indicate  an 
Eocene  age,  since  quartz  and  chert  are  also  the  dom- 
inant materials  in  the  conglomerate  of  the  Eocene 
"auriferous  gravels"  and  in  the  few  pebbly  beds  found 
in  the  "Dry  Creek"  Formation. 

"Dry  Creek"  Formation 

The  name  "Dr\  Creek  Formation"  was  proposed 
by  Allen  (1929,  pp.  368-.^69)  for  a  thin  sequence  of 
gray  shale  and  biotitic  sandstone  which  underlies  the 
lone  Formation  at  Oro\illc  Xorrh  Table  .Mountain. 
He  stated: 

Above  the  Cretaceous  are  gray  shales  overlain  by  biotite 
sandstones.  The  actual  contact  was  not  observed  ow  ing  to 
the  soil  which  forms  on  the  shaly  portion.  ApparcnrK-  it 
was  from  these  shales  that  Turner  [1894,  p.  4591  collected 
casts  of  Corbictila  determined  first  as  an  Eocene  fresh-  or 
brackish-water  genus.  Ehe  best  section  is  exposed  in  the 
steep-walled  valley  formed  by  a  tributary  of  Dry  Creek. 
The  lowest  beds  consist  of  gray  shales  with  flakes  of 
biotite  and  casts  of  Eocene  fossils.  These  are  overlain 
conformably  by  light-colored  biotite  sands  containing 
fragments  of  wood  and  leaves.  The  sands  arc  sufficiently 


consolidated  so  that  the  stream  has  cut  a  trench  three  or 
four  feet  wide  in  which  it  flows  with  a  winding  course 
and  over  a  series  of  small  falls.  .\  continuous  section  of 
eighty  feet  is  exposed,  and  lenses  of  gravel  a  few  inches 
thick  composed  of  quartz,  siliceous  rock,  and  weathered 
greenstone,  with  casts  of  fossils  may  be  observed  in  several 
places.  The  beds  dip  southwest  about  4°.  Gray  shales 
occur  at  a  road-cut  farther  downstream,  and  if  these  be- 
long to  the  same  formation,  it  reaches  a  thickness  of  over 
ISO  feet.  The  mineral  composition  is  shown  .  .  .  and  the 
biotite,  plagioclase,  and  orthoclase  give  little  evidence  of 
the  weathering  wliich  has  removed  these  minerals  from 
the  lone  assemblage.  The  name  Dry  Creek  formation  is 
suggested  for  these  beds,  from  the  tributary  along  which 
the  section  is  displayed.  .\t  Coal  Creek,  the  lower  three 
feet  of  biotite  sands  that  are  exposcil  l)elong  to  this  forma- 
tion. .\t  the  lower  part  of  Chamber's  Ravine  four  feet  of 
biotite  gray  shale  is  overlain  by  two  feet  of  glauconite- 
anauxite  sandstone  containing  casts  of  fossils.  Some  of 
these  arc  similar  to  tlic  forms  reported  by  Dickcrson  I  1916, 
p.  i881  from  the  Dyer  shaft  one  and  one-half  miles  farther 
south.  Dickcrson  states  that  his  collection  came  from  "dark 
gra\-  shales  interbedded  with  lignite  containing  fossiliferous 
strata,  and  thin-bedded  fossiliferous  sandstone."  The  matrix 
attaclied  to  some  of  the  fossils  from  the  shaft  is  very  much 
like  parts  of  the  Dr\-  Creek  formation. 

Unfortunately,  the  name  "Dry  Creek"  was  pre- 
empted before  its  use  by  .\llen  for  the  beds  here  under 
discussion  (Wilmarth,  1938,  p.  365).  Stewart  (1949, 
sheet  no.  2)  regarded  the  lower  50  feet  of  the  lone 
Formation  at  .Marysville  Buttes  as  being  equivalent  to 
Allen's  Dry  Creek  Formation,  and  designated  the 
lower  beds  at  .Marysville  as  the  "Dry  Creek"  Sand- 
stone .Member  of  the  lone.  Stewart  stated: 

The  lower  part  of  the  lone  fat  .Marysville)  is  a  silty, 
micaceous,  fine  sandstone  with  plant  remains  and  marine 
fossils.  .  .  .  The  silty  sand  seems  to  grade  up  into  the 
overlying  white  sands  Hone]— at  least  no  obvious  plane  of 
separation  was  identified  in  the  complete  exposure  .  .  . 
an  apparently  silty  sand  in  a  similar  stratigraphic  position 
has  been  described  .  .  .  near  Oroville  by  Allen  [1929,  pp. 
i68-3691   who  named  it  the  Dr>-  Creek  formation. 

Becau.se  of  the  preoccupation  of  the  term  "Dry 
Creek",  as  pointed  out  above,  Stewart  used  it  in  a 
quotational  sense.  For  the  same  reason,  the  present 
^\  riter  will  also  use  the  term  in  a  quotational  sense,  al- 
though he  believes  that  the  "Dry  Creek"  at  Oroville 
should  be  considered  not  as  a  member  of  the  lone,  but 
as  a  .separate  formational  unit. 

The  "tributar\'  of  Dr\-  Creek"  to  which  Allen  re- 
ferred as  the  type  locality  of  the  "Dry  Creek"  Forma- 
tion is  apparently  the  small  stream  which  flows  south- 
westward  from  the  northwest  point  of  North  Table 
.Mountain,  turns  northwest,  and  merges  with  Flag 
Canyon,  which  then  joins  Dry  Creek  just  west  of  the 
Oroville-Pentz  road.  The  "Dry  Creek"  is  fairly  well- 
exposed  along  this  stream,  but  outcrops  to  both  the 
north  and  south  are  few.  A  few'  feet  of  strata  of  the 
"Drv  Creek"  crop  out  at  the  mouth  of  Coal  Canyon, 
at  the  lower  end  of  Schirnier  Ravine,  and  at  the  base 
of  the  south  slope  of  South  Table  .Mountain,  but 
because  of  their  limited  extent,  it  was  impractical  to 
map  these  outcrops  separately  from  those  of  the  lone. 
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The  lowest  beds  of  the  Superjacent  series  in  certain 
parts  of  the  Cherokee  hsraulic  mine  also  nia\-  be  re- 
ferable to  the  "Dr>-  Creek"  Formation,  although 
mineralogicall\-  the>-  differ  somewhat  from  the  typical 
"Dry  Creek".' 

The  "Dry  Creek"  Formation  consists  of  interbedded 
sandstone,  shale,  claystone  and  siltstone,  with  a  few 
minor  beds  of  conglomerate  and  lignite.  The  most 
distinctive  feature  of  these  sediments  is  their  high  and 
almost  universal  content  of  biotite.  Also  highl\-  ciiarac- 
teristic  is  the  general  presence  of  thin  bedding  in  botli 
the  sandstones  and  shales.  The  sandstones  are  usually 
light-colored;  various  shades  of  gray  and  buff  are  most 
common,  although  the  beds  may  be  locallx'  stained 
orange  by  iron  o.\ide.  Thin  alternations  of  two  or 
more  colors  in  a  single  unit  of  sandstone  are  common. 
For  example,  certain  of  the  sandstones  at  the  type 
locaiif\-  are  pale  yellow  and  light  gra\-  in  almost 
rhythmic  alternations.  .Almost  all  of  the  sandstones 
are  markedl>-  thin-bedded.  Bedding  may  be  manifested 
by  thin  partings  of  clay-shale,  by  the  concentration 
of  large  flakes  of  biotite  along  bedding  planes,  or  l)\ 
planar  concentrations  of  fragmentar\-  plant  remains. 
None  of  the  sandstone  of  the  "Dr>-  Creek"  appears  to 
be  cemented,  but  most  of  it  is  somewhat  firm  due  to 
the  presence  of  abundant  interstitial  silt  and  clav. 
Grain-size  is  nearl>'  always  fine  to  very  tine;  a  few 
feet  of  fossiliferous  "Dry  Creek"  sandstone  exposed  at 
the  base  of  South  Table  is  fine-  to  medium-grained, 
but  contains  scattered  coarse  grains  as  well.  Some  of 
the  "Dry  Creek"  sandstone  is  pebbly,  and  at  several 
points  small  pebbles  of  gray  claystone,  apparently 
derived  from  the  "Dry  Creek"  itself,  are  abundant. 
Scattered  pebbles  and  granules  of  quartz  and  chert 
are  found  at  a  few  localities.  One  thin  stratum  of 
pebble  conglomerate  containing  small,  rounded  peb- 
bles of  white  quartz  is  interbedded  with  the  sandstone 
near  the  top  of  the  formation  at  the  type  locality. 

Megascopicallw  the  onl\-  easil\-  recognizable  min- 
erals in  the  sandstone  are  abundent  quartz  and  biotite, 
and  scatted  grains  of  feldspar.  Under  the  microscope, 
the  sandstone  is  seen  to  be  cssentiall\'  fcldspathic 
wacke.  The  grains  are  dominantl\-  angular  to  sub- 
angular.  They  consist  of  quartz  (45-50%),  feldspar 
(both  plagiocla.se  and  orthociase,  15%),  and  biotite 
(5-10%),  with  minor  quantities  of  detrital  chert, 
muscovite,  chlorite,  green  hornblende,  cpidotc,  sphenc 
and  zircon.  The  grains  are  rather  loosely  packed  in  a 
matrix  of  tan,  microcrystalline  clay  of  low  birefrin- 
gence. The  matrix  constitutes  30  to  40  percent  of  the 
rock.  Glauconite  makes  up  15  or  20  percent  of  biotitic, 
argillaceous  sandstone  at  the  top  of  the  "i3ry  Creek" 
in  Schirmer  Ravine.  Some  of  the  glauconite  has  par- 
tially replaced  feldspar.  As  Takahashi  (1939)  has 
pointed  out,  glauconite  is  a  product  of  submarine 
weathering.  Its  presence  at  the  top  of  the  "Dr\  Creek" 
suggests  that  a  break  in  sedimentation  without  w  ith- 
drawal  of  the  .sea  ma\-  have  occurred  prior  to  the 
deposition  of  the  overl>ing  lone  sediments. 


Light-  to  dark-gray  clay-shale  occurs  as  thin  part- 
ings w  ithin  larger  sandstone  units  or  as  indi\idual  beds 
several  feet  in  thickness.  Some  is  quite  pure,  and  ap- 
parently contains  little  else  but  clay.  .More  often, 
however,  the  shale  contains  abundant  flakes  of  biotite, 
\\  ith  hnel\'  divided  p\rite,  concentrated  along  certain 
bciKiing-plancs.  Fragmentary  remains  of  leaves  or  car- 
bonized wood  are  also  frequently  present  on  bedding- 
planes  and  ma\-  be  accompanied  b\-  small  amounts  of 
p\  rite.  -At  a  few  localities,  the  shale  carries  fish-scales 
and  poorly  preserved  molds  of  small  moUusks.  The 
shale  shows  varying  degrees  of  fissility;  in  places  it  is 
exceedingly  fissile  and  flakes  off  into  thin,  paper-like 
sheets.  .At  other  localities,  it  exhibits  onl\-  a  widcl\- 
spaced,  irregular  fissilit\-  and  grades  into  massive  cla\- 
stone.  Much  of  the  stratification  in  the  shale  is  accen- 
tuated by  the  concentration  of  plant  matter  or  biotite. 
.At  a  few  localities,  thin  beds  of  black  lignite  are  inter- 
bedded with  the  normal  detrital  sediments. 

.At  several  points  in  the  southern  part  of  the  Chero- 
kee h\draulic  mine  (Sawmill  Ravine)  a  few  feet  of 
alternating  thin-bedded  argillaceous  sandstone  and 
gra\'  shale  occur  at  the  base  of  the  Tertiary  section. 
These  sediments  are  biotitic  and  bear  a  superficial  re- 
semblance to  the  "Dry  Creek"  beds  on  the  opposite 
side  of  Table  Mountain.  However,  microscopic  exami- 
nation of  the  sandstone  shf)ws  that  it  is  much  less 
feldspathic  than  the  t\pical  "Dry  Creek"  sandstone 
and  that  it  contains,  in  addition  to  biotite,  abundant 
kaolinite.  Some  of  the  kaolinite  is  interlaminated  with 
biotite,  suggesting  that  the  kaolinite  has  formed  at 
the  expense  of  the  biotite.  Kaolinite  is  found  rarely 
in  the  "Dry  Creek"  on  the  w  est  side  of  Table  Moun- 
tain, but  is  generall\-  thought  to  be  a  characteristic 
mineral  of  the  ovcrlxing  lone  Formation  (Allen,  1929. 
p.  376).  Thus  if  the  beds  at  the  Cherokee  mine  are 
actuall\-  correlative  with  the  t\pe  "Dr\-  Creek"  For- 
mation, it  may  be  that  the  kaolinite  is  of  diagenetic, 
rather  than  detrital,  origin.  It  is  possible,  for  example, 
that  the  "Dry  Creek"  (?)  beds  at  Cherokee  were  ele- 
\ated  and  subjected  to  the  deep  chemical  deca\-  which 
preceded  the  deposition  of  the  lone  (.Allen,  1929, 
pp.  383-394),  while  the  "Dry  Creek"  sediments  to 
the  west  remained  under  water  and  were  thus  pro- 
tected from  subaerial  weathering. 

The  maximum  exposed  thickness  of  the  "Dr>' 
Creek"  at  the  t\pe  localit\-  is  approximately  80  feet. 
The  base  of  the  formation  is  not  exposed  farther  to 
the  south  and  the  thickness  there  ma\-  be  much 
greater.  Logs  from  Humble  Oil  and  Refining  Com- 
pan\"s  S.  F.  Brown  ct  al  No.  1  show  a  thickness  for 
the  Capa\'  shale,  prcsumabK'  equivalent  to  the  "Dry 
Creek",  of  approximatel\"  120  feet. 

The  "Dry  Creek"  Formation  in  its  type  localit\-  is 
underlain  by  the  L'pper  Cretaceous  Chico  Formation. 
The  actual  contact  was  now  here  obser\ed.  No  marked 
angular  discordance  exists  between  the  two  units,  but 
the  contact  ma\'  be  disconformable.  .Allen  (1929,  p. 
400)  suggested  that  a  disconformity  between  the  "Dry 
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Creek"  ;ind  tlic  Chico  miglit  exist,  l);isiiig  liis  reasoning  conflicting  evidence  ;is  to  the  age  of  the  "Dry  Creek", 

"upon  a  single  outcrop  [of  the  "Dry  Creek"!  which  are  separated  by  over  6  miles,  and  since  the  formation 

appears  to  he  lower  than  the  top  of  the  Chico".   A  cannot  be  traced  continuously  over  that  distance,  the 

similar  observation  was  made  by  the  present  writer  in  detailed  stratigraphic   relations  between  the  two  fos- 

the  area  north  of  Flag  Cainon.  At  least  some  uncon-  siliferous   horizons   cannot   be   determined.    However, 

formitv  would  be  expected  in  light  of  the  difference  since  the  age  determination  for  cither  iocalit)-  is  of  a 

in  apparent  age  of  the  two  units,  aitiiough  complete  tentative  nature,  owing  largcl\-  to  the  poor  prescrva- 

vertical  palcontologic  control  is  lacking  for  either  unit.  tion  of  the  fossils,  the  conflict  betw  ecn  the  two  may 

The  "Dr\  Creek"  is  overlain  b\  tiie  lone  Formation  be  more  apparent  than  real,  .^t  any  rate,  the  two  col- 
on the  west  side  of  Table  .Mountain.  The  actual  con-  lections  seem  to  definitely  place  the  "Dry  Creek"  in 
tact  between  the  two  was  observed  only  at  the  type  the  F.ocenc. 

localit\-  in  the  small  canyon  which  lies  just  north  of  The  work  of  Dickerson  shed  considerably  more 
Flag  Can\-on.  There,  biotitic  shale  at  the  top  of  the  light  upon  the  age  of  the  "Dry  Creek".  Dickerson 
"Drv  Creek"  is  overlain  by  light  tan  argillaceous  glau-  ( 1914,  pp.  23-24)  published  a  list  of  fossils  collected  at 
conite-kaolinite-quartz  sandstone,  thought  to  belong  University  of  California  locality  no.  2225,  described  as 
to  the  lone  Formation.  The  contact  is  sharpl\-  defined  being  "beneath  the  Older  Basalt  of  South  Table  Moun- 
and  irregular,  show  ing  a  relief  of  at  least  6  inches.  A  tain  in  a  locality  about  two  miles  north  of  Orovillc". 
disconformable  relationship  between  the  two  forma-  These  Dickerson  thought  to  belong  to  his  "Siphonalia 
tions  is  also  suggested  by  the  fact  that  the  "Dry  suttcrcnsis  zone",  first  recognized  in  the  Eocene  sec- 
Creek"  beds  do  not  extend  north  into  the  area  where  tion  at  Marvsville  Buttes  (Dickerson,  1913,  pp.  270- 
the  lone  has  filled  a  broad  depression  in  the  Upper  272).  Dickerson  stated  (1914,  p.  24): 
Cretaceous  strata.  Either  the  "Dry  Creek"  strata  are  ^^^  ^^^.^-^^  difference  between  the  fauna  at  Orovillc 
cut  off  disconformably  b\-  the  lone  or  they  pass  later-  ^^j  (hat  i>f  the  .Mar\sville  Buttes  is  the  absence  lat  Oro- 
al!\-  into  an  lone  type  of  lithologv.  To  the  south,  the  villel  of  such  forms  as  Trochocyatlms  striatus  (Gabb)  and 
"Drv  Creek"  crops  out  in  onlv  a  few  places.  The  best  Sckizastcr   lecontei   Merriam   and   of   glauconite.  .  .  .  The 

,               ,                   ■          ■     r^      I  /^           „ .-I  fauna  of  the  South  Table   Mountain   Eocene  is  merely   a 

exposures  m  the  southern  area  are  in  Coal  Canvon  and  '■'""■*       ;"=  "   ,                r    u    \i          u    r  „„o  .„  i  ,1, 

.     ^      ,  .              T^      •                111          II                  r  different  facies  than  that  of  the  .\lar\svillc  Buttes  and  the 

m  Schirmer  Ravme,   and   although   the   actual   contact  absence    of   the    coral,   echinoderm,    and    glauconite    men- 

between  the  "Dry  Creek"  and  overlying  lone  cannot  tioned  above  is  due  to  differences   in  bathymetric  condi- 

be  di  recti v  observed  at  these  places,  it  is  thought  to  be  tions.  The  South  Table   Mountain   Eocene   was  deposited 

conformable.    At  the   mouth   of  Schirmer   Ravine,    a  ""dcr    littoral   conditions,   while   that   of  the   Marysvillt 

c         r           r  r    I      u                      n                 i  ■    .-.        1           „:^„  Buttes  was   deposited   in   considerably   deeper   water.    1  he 

few  feet  of  light  brown  argillaceous  biotite-glaucon  te  differences   in    lithology    confirm   this   conclusion.   These 

sandstone,  apparentl\-  belonging  to  the  "Dry  Creek  {^^^^^^  ^re  of  approximateU-  the  same  age,  but  deposited 

formation,  are  overlain  by  sandstone  of  very  similar  under  quite  different  conditions. 

appearance     Flowever,    the    latter    contains    much    less  A  surface  outcrop  somewhat  higher  than  that  described 

glauconite    than    the    underlving    unit,    and    kaolinite,  as  locality  no.  2225  yielded  B.r/Mn.  ;«orsW  Gabb,  .V/c-rc-rm 

^,          ,         •■■■,         ,-r      ■                      ■          1    Tu  hormi  Gihh,  Papbia  it)  sp..  Pljcu?icm07iii,i  inorimtj  ijibb. 

rather  than  biotite,  is  the  chief  micaceous  mmeral.  The  Ti<rrhelh  v,erriami  Dickerson,  and  Omea  sp.  The  pres- 

overlxing   sandstone   is    presumably    referable   to   the  ^^^.^  „f  ^^.„o^j  ^^j   Hgnite  suggests   that  this  fauna  was 

lone  Formation.  deposited  in  brackish  water. 

Identifiable  fossils  in  the  "Dry  Creek"  Formation  \^  g  jater  paper  Dickerson  (1916,  p.  394)  wrote: 

were   found   b\-   the   writer  at  only  two   localities.   At  -phe    evidence    stated    above    Referring    to    Dickersons 

both    places,    invertebrate    inegafossils    occur    as    frag-  earlier  paper,  quoted  above!   demonstrates  the  Eocene  age 

entarv  casts  and  molds  onlv.  The  first  localitv  (no.  3)  of  the  sediments  beneath  the  Older  Basalt,  land]  correlates 

lies  on  the  northwest  slope  of  North  Table  .Mountain,  these  beds  ^with^  the^^Siphonalia  sutterensis  zone  of  the 

about  one-half  mile  north  of  Flag  Canyon,  and  the  '  ">^^'  ^    ut  es  regie 

fossils  there  are  found  in  gray  biotitic  shale.  Dr.  L.  G.  A  stratigraphic  section  at  South  Table   .Mountain 

Hertlcin  identified  "Coibiciila"  sp.,  Lima  (?)  sp..  Car-  was  measured  by  Dickenson  (1916,  p.  390): 

d'nnii  (?)  sp.,  a  \'enerid,  possibK-  Pitar  sp.,  and  a  gas-  ^  ^^^^  of  the  sediments  as  exposed  in  the  Dyer  shaft 

tropod  somewhat  resembling  the  species  described  as  and  the  south  face  of  South  Table  Mountain  gives  in 

'Wletula  harrisi"  Dickerson.  Dr:  Hertlein  noted  that  descending  order  the  following  approximate  sequence: 

the  casts  "suggest  an  Eocene  faunule   possibly  some-  ''eet 

what  .similar  to  that  of  the  Capa\-   |  middle  F'.ocenel".  (9)  Older   basalt                                                 lOOtoiso 

The  second  locality  (no.  2)  is  at  the  base  of  the  south  |«)  ^^^:J:^:Z.  day.  and  ca.bono„o.s    '" " 

face  of  South  Table  Mountain.  The  fossiliferous  rock  shales  loo 

there  is  pebblv   biotitic  argillaceous  sandstone.   Pro-  (6)  Conglomerate 50 

fessor   J.   W>att   Durham  Identified    TurhwoUa   sp.,  ^  y:":"""^ 'l^nds.one     ::::Z::::::Z::;;            100 

Acila    sp.,    Spisula    sp.,    Schdiocardia    sp.,    Corbllla    sp.,  O)   Dork  groy  sholes  interbedded  with  lignite  con- 

and  Fums  sp.  Professor  Durham  stated  that  the  assem-  toining  tossiiiferous  stroto,  and  thin-bedded 

I  I             •      *i  J    i^     ■      1        T^                                              J     ■               u    ui  fossiliferous    sondstone                                                              40 

blage  is     defimtely  Eocene  in  age,  and  is  probably  j^)  cioy  with  tuff  fragments                                         20 

lower  Eocene".    The  tW  O  localities,  apparently  yielding  (l)  Conglomerate  resting  upon  Chlco  sondstone                        20 
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Allen  (1929,  p.  369)  has  aliiulcd  to  the  f:ut  rli;ir 
Dickersnn's  40  feet  of  "dark  gray  shales  interbtxldcd 
with  lignite  containing  fossiliferous  strata,  and  thin- 
bedded  fossiliferous  sandstone"  are  probably  referal)lc 
to  the  "Dr\-  Creek"  Formation.  .Mien  (pp.  370- .^72) 
has  further  shown  that  the  lowermost  two  units  of 
Dickerson's  section  are  actually  Quaternary  sediments 
which  occup\-  benches  cut  into  the  Eocene,  while  the 
"Chico  sandstone"  to  which  Dickerson  referred  be- 
longs to  the  .Monte  dc  Oro  Formation,  a  bedrock  unit. 
iMerriani  and  Turner  (1937,  p.  94)  considered  Dicker- 
son's  "Siphonalia  sutterensis  zone"  to  be  equivalent  to 
a  part  of  the  Qipay  stage  (middle  Eocene).  Thus  the 
"l)r\-  Creek"  is  apparently  middle  Eocene. 

lone  Formation 

A  succession  of  distinctive  light-colored  sandstone. 
\aricolored  cla\  stone,  and  siltstone  underlies  the  foot- 
hills north  of  Oroville  where  the  slopes  merge  with  the 
gently  rolling  plain  of  the  Sacramento  Valley.  These 
rocks  are  referred  to  the  lone  Formation  (Eocene), 
whose  t\pe  locality  lies  80  miles  to  the  south,  near  the 
tow  n  of  lone. 

The  lone  Formation  was  named  by  Lindgren  (  I  894, 
p.  3  ),  who  stated: 

During  the  Neocene  [the  lone  was  then  believed  to  be 
Miocene  in  age]  period  the  auriferous  gravels  accumulated 
on  the  slope  of  the  Sierra  N'e\ada,  and  at  the  same  time 
there  was  deposited  in  the  gulf  then  occupying  the  Great 
\'allev  a  sedimentary  series  consisting  of  clays  and  sands, 
to  u  hich  the  name  lone  Foriiutioii  has  been  given. 

Turner  (1894,  p.  4)  described  the  lone  ar  the  t\  pc 
localit\-,  where  he  di\ided  the  formation  into  three 
members: 

a)  A  lower  white  cla\',  in  some  places  sand\%  in 
others  relatively  pure  (Turner  mentioned  that  this 
clay  was  tiiought  by  some  to  have  formed  from  rh}-o- 
lite  tuffs). 

b)  Sandstone,  usually  white  but  locally  brick-red; 
in  places  contains  w  hitc  quartz  pebbles,  passing  into 
conglomerates. 

c)  Clay  rock,  fine-grained,  light  gra\-,  wirli  irregu- 
lar fractures. 

Ihe  lone  Formation  lying  beneath  the  basalt  at  Oro- 
ville Table  Mountain  was  briefly  described  by  Turner 
(1894,  p.  463).  A  reconnaissance  geologic  map  of  part 
of  the  (^ro\ille  quadrangle,  showing  the  appro.ximate 
areal  distributi(jn  of  the  lone  Formation  there,  was 
published  b\'  Lindgren  (1911,  PI.  15,  p.  K6)  in  his 
classic  paper.  The  Tertiary  gravels  of  the  Sierra  Ne- 
vada  of  California.  Dickerson's  (1916,  pp.  388-394) 
remarks  regarding  the  Eocene  strata  of  the  Oroville  area 
have  been  cited  above;  however,  it  should  be  empha- 
sized that  all  the  fossils  he  collected  at  South  Fable 
Mountain  apparentlx'  came  from  the  "Dr\-  Creek"  l'"or- 
mation  rather  than  from  the  oxerlying  lone.  I  hus  his 
statements,  while  they  shed  light  on  the  lower  age 
limit  of  the  lone,  did  nf)t  restrict  the  upper  age 
boundar)'. 


.\n  extensive  regional  studv  of  the  lone  Formation 
was  carried  out  bv  Allen  (1929),  who  realized  (pp. 
353-354)  that  the  term  lone  Formation  "has  been  em- 
(iloyed  in  a  number  of  different  ways  and  to  include  a 
\  ariety  of  unrelated  rock  t\  pes";  he  proposetl  a  redefi- 
nition of  the  term: 

111  the  present  paper,  it  is  proposed  to  restrict  the  name 
lone  formation  to  the  beds  along  the  foothills  of  the  Sierra 
\e\aila  that  have  a  mineral  composition  and  historj-  simi- 
lar to  the  lower  two  members  I  previously  listed  b\-  Tur- 
ner {  1K94,  p.  4)  1  of  the  type  locality. 

The  most  recent  significant  contribution  to  tlie 
stiuly  of  the  lone  Formation  is  that  by  Pask  and  'Fur- 
ner  (1952),  who  mapped  and  described  in  detail  a 
small  area  of  lone  in  the  southern  part  of  the  type 
locality  in  .Amador  Countv.  In  their  stud\,  the  lone 
(as  restricted  by  Allen)  is  divided  into  two  members, 
distinctly  dilTerent  in  mineralogic  character  and  sepa- 
rated by  an  unconformity. 

1  he  largest  area  underlain  bv  the  lone  I'ormation  in 
the  Oroville  quailrangle  lies  on  the  western  slopes  of 
North  and  South  Table  Mountains.  Smaller  areas  of 
lone  occur  in  Messilla  Valley,  near  Pentz,  on  the  hills 
southw  est  of  \\'icks  Corner,  and  on  the  northeastern 
end  of  the  Campbell  Hills.  Outcrops  of  the  formation 
are  rather  limited  at  these  localities  because  the  lone  is 
usually  overlain  by  volcanic  rocks  or  aproned  with 
numerous  rockslides.  The  best,  and  sometimes  only, 
exposures  lie  along  the  bottoms  of  the  larger  ravines 
w  hich  run  westward  from  the  top  of  Table  Mountain. 
Principal  among  these  are  Flag  Canyon,  Coal  Can\on, 
anti  Schirmer  Ravine  (formerly  (Ilhambers  Ra\ine). 
Small  parts  of  the  section  are  well-e.xposcd  in  sc\cral 
hsdraulic  mine  faces  near  Pent/,  and  in  a  clay  quarry 
near  Wicks  Corner. 

The  exposures  of  lone  lying  in  the  Onnille  quad- 
rangle |)i()l)ably  mark  the  northernmost  areal  extent 
of  the  formation.  Although  Diller  ( 1906,  p.  6)  mapped 
sediments  lying  above  the  Chico  and  below  the  'Fus- 
can  in  the  Redtling  (luadrangle  as  lone,  .Mien  ( 1929, 
pp.  374-375)  has  shown  that  these  deposits  are  in  no 
wa\-  similar  to  the  lone  and  are  probably  Cretaceous  in 
age.  According  to  Cross,  et  al.  (1954),  the  lone  was 
encountered  in  Richfield  Oil  Corporation's  Da\ton 
Communit\-  two— I  well  (.sec.  6,  T.  21  N.,  R.  1  E.), 
ai)out  4  miles  southwest  of  Chico,  but  the  formation 
w  as  not  recognized  in  wells  drilled  north  of  that  point. 

Light-c(jlored  argillaceous  sandstone  and  clavstone 
together  constitute  perhaps  more  than  75  percent  of 
the  lone  in  the  Oroville  quadrangle.  Intercalateii  w  irh 
these  are  subordinate  amounts  of  siltstone,  shale,  and 
conglomerate,  ami  a  few  minor  beds  of  lignitic  coal. 
Most  of  the  lone  sediments  are  rather  soft,  and  usu- 
ally weather  to  gentle  soil-covered  slopes  or  to  a 
poorly  ile\eloped  "badland"  topography. 

The  lone  .sandstone  is  typically  white  or  yellowish- 
white  streaked  w  ith  orange,  but  in  many  places  suffi- 
cient ferruginous  matter  is  present  to  stain  entire  out- 
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crops  hull  1)1-  (xilc  oiMiigc.  Ikxiding  tciuis  ro  be  poorl) 
defined,  bur  in;iii\-  of  tlic  sandstones  fouiui  in  tlic 
lower  "0  leer  of  the  section  at  Sciiirnier  Ravine  are 
inarkcdl>  thin-bedded  and  vary  in  color  from  light 
gra\-  to  iigiu  tan.  Well  developed  cross-bedding  occurs 
at  a  few  localities,  but  docs  not  appear  to  be  ciiarac- 
teristic  of  the  formation  as  a  w  hole.  The  bulk  of  the 
lone  saiulstone  is  medium-grained,  although  ver\-  fine- 
grained or  \ery  coarse-grained  \ariants  are  common. 
The  degree  of  sorting  with  respect  to  size  of  grains  is 
generall\-  only  moderate.  Most  of  the  grains  arc  angu- 
lar to  subangular,  and  sharp  splinter-like  fragiuents 
occur  freqiicntl\-.  Scattered  well-rounded  pebbles  of 
(quartz  or  chert  occur  in  the  sandstone,  ami  thin,  len- 
ticular strata  of  pebble-conglomerate  arc  found  at  sev- 
eral localities.  A  characteristic  feature  of  most  of  the 
sandstone  is  its  extremely  argillaceous  nature.  .Mcdium- 
and  coarse-grained  sandstone  is  usuall\'  uncemented 
and  friable,  and  is  consolidated  only  because  it  con- 
tains interstitial  silt  and  clay.  Finer-grained  \aricties, 
however,  are  often  firmly  bonded  by  abundant  argil- 
laceous material.  At  several  localities,  dark  brick-red 
sandstone  is  tightly  cemented  b\'  iron  oxide. 

High  content  of  angular  quartz  grains  is  perhaps  the 
most  characteristic  property  of  the  lone  sandstone. 
Feldspar  occurs  in  very  minor  quantities  and  consti- 
tutes no  more  than  10  percent  of  the  grains  in  most 
cases,  although  some  of  the  sandstone  in  the  upper  part 
of  the  formation  is  slightly  more  feldspathic.  iVIost  of 
the  sandstone  in  the  lower  part  of  the  lone  contains 
abundant  flakes  of  a  white,  pearly  micaceous  mineral. 
Microscopic  examination  shows  that  it  is  not  mica  but 
kaolinite.*  Undoubtedly  it  was  kaolinite  to  which 
Turner  (1894a,  p.  4),  discussing  the  sandstone  in  the 
lone  at  the  t\pc  locality",  referred  as  "a  peculiar  h\- 
drous  silicate  of  alumina  which  occurs  abundanth'  in 
the  sandstone  in  the  form  of  cream-colored,  pearly 
scales." 

Sandstone  in  the  upper  part  of  the  If)ne  Formation 
at  Oroville  contains  some  kaolinite,  but  the  principal 
micaceous  mineral  in  the  specimens  examined  is 
weathered  biotite.  A  few  feet  of  biotitic  quartz  sand- 
stone are  intercalated  with  quartz-kaolinite  sandstone 
about  70  feet  above  the  base  of  the  lone  in  Schirmer 
Ravine.  In  the  .same  section,  minute  pellets  of  glauco- 


*  The  present  writer  uses  the  term  kaolinite  as  an  abbrexia- 
tion  for  any  member  of  the  kaolinite-anauxite  series.  .-Mien 
(1928)  demonstrated  the  presence  of  anaii.xite  in  the  lone  For- 
mation and  later  (1929,  pp.  376-377)  considered  anauxite  to  be 
"the  most  characteristic  I  light]  mineral  of  the  I  lone  I  assem- 
blage" and  to  be  "nearly  always  present"  and  in  exceptional 
cases  to  constitute  "more  than  half  the  sample".  However,  an- 
auxite is  closely  allieil  both  chemical!)'  and  structurally  with 
the  mineral  kaolinite  and  the  two  are,  so  far  as  known,  indis- 
tinguishable except  through  chemical  analysis  of  x-ray  studies. 
Ross  and  Kerr  (1931)  suggested  a  series  of  kaolinite-anauxite. 
It  is  impossible  to  .state  as  yet,  on  the  basis  of  the  few  chemical 
analyses  available,  whether  anauxite  or  some  other  member  of 
the  series  is  actuall)'  the  characteristic  mineral  of  the  lone 
Formation. 


iiitc  arc  abumlant  in  a  thin-bctlilcil  kaolinific  sandstone 
about  15  feet  abo\c  the  base  of  the  formation.  Cilauco- 
nitc  also  occurs  in  association  \\  ith  kaolinite  at  the  base 
of  the  lone  north  of  I'lag  (^anvon. 

.\s  seen  imder  the  microscope,  the  sandstone  f)f  the 
lone  consists  of  IooscIn-  packed  angular  to  subangular 
grains  of  quartz,  detrital  chert,  and  minor  feldspar,  set 
in  a  prominent  cla\-  matrix.  The  matrix,  which  consti- 
tutes from  25  to  40  percent  of  the  rock,  is  a  dark  tan, 
microcrystalline  material  of  very  low  birefringence.  In 
places,  it  contains  minute  crystals  of  kaolinite,  which 
appear  to  have  formed  by  authigenic  processes  from 
the  matrix  clay.  The  most  common  non-opacjuc  heavy 
minerals  arc  epidote,  zircon,  tourmaline,  clinozoisite, 
and  andalusite.  A  quartz-kaolinite  .sandstone  from  the 
hills  southwest  of  Wicks  Corner  is  exceptional  in  that 
it  contains,  among  the  heav\'  minerals,  little  besides 
opaque  minerals  and  euhedral  zircon.  Green  horn- 
blende, the  next  most  abundant  non-opaque  heavy  min- 
eral to  biotite  in  the  underlying  "Dry  Creek"  and 
Chico  Formations,  occurs  sparingly  in  most  of  the 
sandstone  in  the  lower  part  of  the  lone.  Sandstone  in 
the  upper  part  of  the  lone  on  South  Table  Mountain, 
however,  contains  biotite  and  hornblende  as  the  chief 
heavy  minerals. 

Claystone  is  perhaps  more  abundant  than  sandstone 
in  the  lone  Formation,  but  because  of  its  extremely 
non-resistant  nature,  it  tends  to  form  fewer  outcrops 
than  the  sandstone,  and  thus  is  less  conspicuous.  Clay- 
stone is  particularly  abundant  in  the  upper  half  of  the 
formation.  It  is  usuall\'  interbedded  as  thick  beds  with 
sandstone,  although  Dietrich  (1928,  p.  66)  reported 
that  one  drill-hole  in  the  clay  deposit  near  Wicks 
Corner  "was  drilled  to  a  depth  of  72  feet  without 
encountering  a  change  of  formation."  The  claystone 
exhibits  a  variety  of  colors;  w  hite  or  very  light  gray 
is  probabh"  the  most  common,  and  mottled  color  pat- 
terns, combining  orange  with  white  or  red  w  ith  cream- 
yellow,  occur  frequently.  Colors  less  often  observed 
include  light  gra\-,  light  tan,  and  light  brown.  The 
clavstone  is  usuall\"  massive,  blocky,  and  is  almost 
alwavs  soft  and  plastic.  Much  of  it  is  rather  pure  and 
even-textured,  but  some  contains  a  noticeable  admix- 
ture of  silt,  and  some  carries  a  considerable  percentage 
of  sand.  .\n  interesting  t\pe  occurring  in  Coal  Canyon, 
near  the  middle  of  the  section,  is  very  light  gray, 
nearlv  pure  claystone  which  contains  abundant  and 
evenly  disseminated  angular  grains  of  quartz,  .\llcn 
(1929,  pp.  379-382),  discussing  the  lone  cla\s,  found 
that  there  exists  no  evidence  suggesting  a  derivation 
of  the  clays  from  tuff,  as  had  been  suggested  b\- 
I.indgrcn  (1894b,  p.  3)  and  others.  Allen  noted  that 
the  lone  cla\s  in  the  \icinit\-  of  lone,  at  Lincoln,  and 
at  \'alle>-  Springs  contain  cla\  minerals  belonging  to 
the  kaolin  group,  a  conclusion  since  substantiated  b\ 
Ross  and  Kerr  (1930,  pp.  161-164),  Bates  (1945,  pp. 
r-25),  and  Pask  and  Turner  (1952,  pp.  10-11). 

In  most  parts  f)f  the  lone  I'ormation  of  the  ()ro\ille 
quadrangle,   cla\-shale    and    thin-bedded   siltstone   are 
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much  less  abundant  tlian  tlic  sandstone  and  claystone 
with  which  the\'  arc  interhcddcd.  Thc\  arc  mainly 
restricted  to  the  lower  half  of  the  formation.  Most  of 
the  shale  is  rather  dark,  and  its  color  is  attributed,  in 
part,  to  a  relatively  high  content  of  carbonaceous 
impurities.  Some  of  the  darker  varieties  are  intimately 
associated  \\  ith  the  few  beds  of  lignite  v  hich  occur 
in  the  lone.  A  thin  bed  of  lignite  cropping  out  in  Coal 
Can\on  about  100  feet  above  the  base  of  the  formation 
is  both  underlain  and  overlain  tjy  dark  brow  n  and  dark 
gra>'  plant-bearing  carbonaceous  shale.  Other  pclitic 
types  locally  encountered  in  the  lone  are  pale  gray 
or  pale  tan,  hard,  plat\'  kaolinitic  clay-shale  and  cla\e\ 
siltstone. 

Of  interest  are  tw'O  thin  lignitic  horizons  occurring 
in  the  lower  part  of  the  lone  section  at  Coal  Canyon. 
The  stratigraphicall\  higher  of  the  two,  lying  about 
100  feet  above  the  base  of  tlic  fi>rn)ati(>n,  is  4  feet 
thick.  It  is  black,  massive,  and  exhibits  a  sub-vitreous 
luster.  Solid  fresh  pieces  fracture  spontaneously  into 
angular  fragments  upon  exposure  to  the  air.  Under 
the  hand  lens,  the  lignite  show  s  a  finch'  striated,  w  oody 
texture.  The  second  lignitic  iiorizon  lies  about  25  feet 
stratigraphically  below  the  latter.  Brow  n  lignitic  shale, 
carrying  abundant  plant  fragments,  is  interbedded  w  ith 
white  and  red  kaolinitic  sandstone  and  crops  out  at 
the  surface.  Lignite  was  apparently  mined  at  an  earl\ 
date,  for  a  shaft  was  sunk  at  the  localit\-.  The  shaft 
is  caved,  but  the  dump  contains  abundant  fragments 
of  black,  fissile,  wood\-  lignite.  This  deposit  ma\'  be 
the  same  as  that  described  by  Watts  (1893.  p.  166), 
who  stated: 

Coal  was  mined  at  an  early  da)-  near  Oroville,  on  the 
property  of  C.  F.  Lott;  a  tunnel  being  run  in  for  about 
35  feet  and  the  vein  drifted  on,  for,  it  is  said,  several 
hundred  feet.  The  vein  is  reported  to  have  been  about 
6  feet  thick.  This  coal  was  used  during  the  70's  at  Oroville, 
both  for  fuel  and  for  making  gas.  It  is  said  to  have  burned 
well,  and  the  gas  made  from  it  to  have  been  of  good 
quality. 

A  few  yards  from  the  tunnel,  and  at  a  slightly  lower 
elevation,  a  boring  was  made  to  the  depth  of  about  2> 
feet.  The  formation  was  bluish  clay,  which  is  said  to  have 
yielded  gas  in  the  retorts.  .\t  a  depth  of  25  feet,  a  bright 
looking  coal  was  struck,  which  burned  well,  but  this  coal 
stratum  was  not  bored  through. 

The  lone  beds  mapped  in  Xkssilla  \  ailc\,  north  ot 
Pentz,  crop  out  rather  sporadically,  iiut  what  few 
exposures  can  be  found  indicate  that  dark-colored 
clay-shale  is  more  abundant  than  in  sections  lying 
farther  south.  The  shale  bears  a  superficial  resemblance 
to  some  of  the  darker  shale  of  the  "l)r\  Creek"  P"or- 
mation,  but  is  interbedded  with  quartzose  sandstones 
of  t\pical  lone  aspect.  Furthermore,  the  shale  in  Mes- 
silla  Valley  contains  no  appreciable  quantities  of  bio- 
tite,  a  mineral  conspicuous  and  ubiciuitous  in  the  "Dr\ 
Creek"  sediments.  Some  of  the  shale  in  Messilla  \'alle\ 
is  very  dark  gray  or  nearly  black,  and  contains  abun- 
dant minute  fragments  of  carbonized  plant  matter.  It 
may  be  in  part  correlati\e  w  ith  the  carbonaceous  shale 


and  tiiin  lignite  beds  occurring   in  the  Coal  Can\ on 
section. 

.\bout  90  feet  of  nearly  flat-l\ing  strata  are  exposed 
on  one  side  of  a  small,  isolated  hill  about  one  mile 
east  of  Pentz.  The  lower  half  of  the  sequence  cf)nsists 
of  light-colored  agrillaceous  quartz-kaolinite  sandstone 
and  interbedded  dark  gray  shale.  These  sediments  are 
similar  to  those  mapped  as  lone  in  .Messilla  \'alle\-  and 
are  themselves  referred  to  the  lone.  The  overlying 
beds,  however,  consist  of  pale  pinkish-tan,  punk\'  shale 
of  a  t\pe  not  found  in  an\'  other  Tertiary  section  in 
the  area.  The\'  are  quite  sand\'  toward  the  base,  and 
the  contact  with  the  undcrKing  lone  sediments  is 
sharp  and  somewhat  irregular,  suggesting  a  discon- 
formable  relationship.  The  pink  shale  contains  abun- 
dant casts  of  leaves  (Locality  14).  Specimens  of  the 
latter  were  submitted  to  Professor  R.  W.  Chancy,  who 
idcntitied  them  as  CiDiii'nighiniiia  sp.  and  Salmlites  sp. 
Sahalitci  ranges  from  Paleocene  to  Oligocene  in  age, 
w  hile  Ciimiingbaviia  has  been  found,  in  North  Amer- 
ica, only  in  the  F.ocene  of  Colorado  (Lamottc.  1952). 
The  excellent  preser\ation  of  the  delicate  leaves  ma\ 
indicate  that  the  enclosing  sediments  accumulated  in 
quiet,  perhaps  lacustrine,  w  aters.  These  strata  arc  ques- 
tionably referred  to  the  lone,  and  may  represent  a 
local  facies  of  that  formation. 

Allen  (1929,  pp.  375-382)  carried  out  an  extensive 
stud\  (if  tile  minerals  which  occur  in  the  lone  and 
concluded  that  the  source  of  the  sediments  lay  to 
the  east  in  the  Sierra  Nevada.  Similarly,  Bates  (1945, 
pp.  28-30)  believed  that  the  bulk  of  the  quartz  grains 
in  certain  of  the  clays  at  lone  had  been  derived  from 
granitic  intrusives  in  the  Sierra.  Lindgrcn  (1911.  p.  24) 
postulated  that  the  lone  Formation  represents  deltaic 
ileposits  w  hich  accumulated  at  the  mouth  of  TcrriarN- 
pre-volcanic  Sicrran  streams  which  flowed  ilown  the 
western  slope  of  the  range.  He  stated: 

During  the  Miocene  Ithe  fossils  which  placed  the  lone 
in  the  F.ocene  had  not  yet  been  found  1  and  contempo- 
raneously with  the  accumulation  of  the  later  pre-volcanic 
gravels  on  the  slopes  of  the  Sierra  Nevada  there  was 
deposited  in  the  gulf  then  occupying  the  Great  \'alley 
a  sedimentary  series  of  clays  and  sands  to  which  the 
name  lone  Formation  has  been  given.  The  water  in  this 
gulf  was  probably  brackish;  no  marine  fossils  have  been 
found  in  the  lone  Formation  at  the  foot  of  the  range,  but 
fossil  leaves,  vegetable  material,  and,  in  places,  coal  are 
abundant.  .\t  the  mouth  of  the  rivers  which  descended 
from  the  Tertiary  Sierra  Nevada  extensive  delta  deposits 
were  accumulated,  and  it  is  thus  ditficult  in  many  places 
to  draw  any  exact  line  between  the  lone  formation  and 
the  river  gravels  proper.  ...  .At  man\  localities  the  sand- 
stones and  cla\s  of  the  formation  merge  directly  into  the 
upper  river  gravels  of  the  so-called  benches. 

.\llen  (1929,  p.  404)  concurred  with  this  view  and 
likened  the  lenses  of  gravel,  the  carbonaceous  material, 
and  the  varict\-  of  colors  w  hich  occur  in  the  lone  to 
similar  features  observed  in  modern  delta  deposits.  He 
correlated  the  lone  sediments  with  certain  of  the 
Sicrran   "auriferous  gravels"    (specifically    the   white 
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i]iiiiit/  gr;ucls)  on  rlic  basis  of  conclusive  niincralogic 
and  stratigrapliic  evidence. 

The  sediments  which  constitute  tiie  lower  part  of 
the  lone  Formation  in  the  Oroville  area  are  composed 
of  a  rclativel\'  stahle  mineral  asseml)lage.  I"specia!l\' 
significant  in  this  regard  are  the  marked  al)undance 
of  quartz  and  cla\'  minerals  and  the  paucity  of  sucii 
less  stable  minerals  as  feldspar  and  biotite.  The  lone 
sediments  thus  stand  in  direct  contrast  w  ith  the  rocks 
of  the  undcrl\  ing  "Dry  Creek"  and  ("hico  I'Ormations. 
Allen  (1929,  pp.  .?75-.^82)  concluded,  on  the  basis  of 
the  o\erall  mineralogic  niaturit\-  of  the  formation 
throughout  its  geographic  extent,  that  "the  lone  as- 
semblage is  characterized  by  minerals  that  are  resistant 
to  chemical  decay  and  the  evidence  is  strongl\'  sug- 
gestive that  chemical  weathering  has  been  largelv  re- 
sponsible for  the  individualit\-  attained  b\-  the  lone 
sediments."  He  believed  that  the  angularit\-  and  euhed- 
ralism  of  many  mineral  grains  prohibited  the  possi- 
bility of  long  distance  transport  or  reworking  to  ac- 
count for  the  removal  of  the  less  stable  minerals.  The 
supposed  chemical  decay  of  the  source  rocks  of  the 
lone  was  attributed  by  Allen  (pp.  .^8^-394)  largely 
to  a  prevalence  during  immediately  pre-Ione  time  of 
tropical  or  subtropical  climatic  conditions.  In  support 
of  this  conclusion,  Allen  cited:  (a)  the  widespread 
production  on  the  pre-Ione  surface  of  a  part  of  the 
typical  laferitic  profile,  supposed  to  characterize 
weathering  in  tropical  climates,  and  (b)  the  paleonto- 
logical  evidence,  both  floral  and  faunal,  which  indi- 
cates that  "the  climate  of  the  pre-Ione  Eocene  was 
tropical  or  subtropical."  The  development  of  a  deep 
lateritic  profile  implies  that  erosion,  except  perhaps 
in  actual  stream  channels,  was  at  a  minimum. 

Allen  (pp.  403-404)  considered  that  the  deposition 
of  the  lone  sediments  began  after  uplift  and  erosion 
interrupted  the  weathering  process  and  "commenced 
to  strip  off  the  products  of  rock  decay".  Under  such 
conditions,  the  earliest  deposits  would  be  derivatives 
of  the  more  severelv  weathered  parts  of  the  source 
rock,  and  the  mineral  assemblage  contained  therein 
would,  on  the  w  hole,  be  of  a  stable  nature.  The  char- 
acter of  the  lone  mineral  assemblage  substantiates  this 
inference.  On  the  other  hand,  the  assemblage  which 
constitutes  the  sandstone  in  the  upper  part  of  the  lone 
at  Oroville  is  less  stable  than  that  found  in  the  lower 
part,  and  may  thus  represent  material  derived  from 
less-weathered  parts  of  the  profile  w  hich  became  ac- 
cessible as  erosion  progressed.  A  similar  conclusion 
with  regard  to  the  uppermost  parts  of  the  lone  at 
\'alle\"  Springs  and  at  Knights  Ferr\-  was  reached  b\' 
Allen  (1929, 'p.  406). 

Pask  and  Turner  (1952,  pp.  16-20)  subdivided  the 
lone  Formation  in  the  Buena  V'ista  area,  about  4  miles 
south  of  lone,  into  two  members  which  are  clearly 
separated  b\'  an  unconformit\ .  The  upper  member  "is 
characterized  by  a  generall\-  higher  proportion  of  feld- 
spar to  quartz  than  in  the  lower  lone  and  by  the  pres- 
ence of  biotite,  chlorite"  and  kaolinitic  clav  of  some- 


what different  properties,  w  ith  respect  to  differential 
thermal  anal\sis,  than  that  in  the  lower  member.  Pask 
and  Furner  (p.  22)  noted  that  the  "upper  lone  sedi- 
ments do  not  show  as  great  a  degree  of  weathering  as 
do  lower  lone  sediments",  and  concluded  that  the  dif- 
ference "may  ha\  e  been  due  to  a  change  to  more  tem- 
perate climate  or  to  a  change  in  the  conditions  of 
erosion". 

I'hc  maximum  exposed  thickness  of  the  lone  Forma- 
tion in  the  Oroville  quadrangle  is  approximateh'  600 
feet.  This  thickness  is  exposed  on  the  northwest  slope 
of  North  Table  Mountain,  where  the  lone  appears  to 
have  filled  a  broad  depression  erf)ded  into  the  "Dry 
Creek"  and  Chico  beds.  Fhe  lone  thus  lies  discon- 
forniably  on  both  of  these  formations,  but,  as  was  sug- 
gested previously,  ma\-  be  conformable  with  the  "Dry 
Creek"  strata  farther  to  the  south.  In  other  places,  the 
thickness  of  the  lone  does  not  exceed  350  feet.  The 
lone  is  overlain  over  most  of  its  outcrop  area,  with 
slight  angular  discordance,  by  the  "older  basalt".  In 
the  southern  part  of  the  area,  the  lone  disconformably 
underlies  the  andesitic  rocks  of  the  Alchrten  (?)  For- 
mation. 

Except  for  the  plants  mentioned  above,  determin- 
able fossils  were  not  found  in  the  lone  Formation  by 
the  writer.  Abundant  fragmentary  plant  matter  occurs 
in  many  of  the  lone  sediments,  and  poorly  preserved 
casts  and  molds  of  moUusks  are  found  in  a  few  of  the 
more  argillaceous  rocks.  As  has  been  pointed  out, 
Dickerson's  remarks  regarding  the  age  of  the  strata  at 
South  Table  Mountain  are  directly  applicable  to  the 
"Dry  Creek"  beds,  but  not  to  the  lone  strata  which 
overlie  them.  However,  the  determination  of  the  age 
of  at  least  part  of  the  "Dr\-  Creek"  as  middle  Eocene 
shows  that  the  overl\ing  lone  is  no  older  than  middle 
Eocene. 

Since  in  the  Oroville  area  the  lone  definitely  ap- 
pears to  be  correlative  with  the  middle  Eocene  "auri- 
ferous gravels",  it  follows  that  the  lone  there  is  also 
middle  Eocene.  Determinable  fossils  have  been  found 
at  relatively  few  localities  in  the  lone  throughout  the 
Sierran  foothills,  considering  the  rather  extensive  dis- 
tribution of  the  formation.  Dickerson  (1916,  p.  397) 
listed  5  species,  including  Ttirritella  inerriami,  and  2 
nonspecific  genera  found  b\-  him  in  the  lone  a  few 
miles  southeast  of  the  type  locality,  and  stated  that 
"w  hilc  the  fauna  is  a  small  one,  it  is  typical  of  .  .  .  the 
Siphonalia  sutterensis  zone  .  .  .  ."  Merriam  and  Turner 
(1937,  p.  94)  believed  that  the  "Siphonalia  sutterensis 
zone"  is  equivalent  to  a  portion  of  the  Capav  stage 
(middle  Eocene).  Thus  the  lone  at  its  type  locality 
and  in  other  areas,  including  Oroville,  is  probably  mid- 
dle Eocene. 

"Auriferous  Gravels" 

The  term  "auriferous  gravels"  has  long  been  applied 
to  various  gold-bearing  superjacent  strata  which  lie 
along  the  western  slope  of  the  Sierra  Nevada.  I  he 
name,  used  in  this  wav,  has  become  firmlv  entrenched 
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Figure  24.  Aerial  view  of  Chero- 
kee hydraulic  mine.  Prominent  joint- 
systems  rn  "older  basalt"  are  ac- 
centuated by  differences  in  vegeta- 
tion. White  is  gross,  gray  is  bore 
rock.  View  S.  35'  B.  Photo  fay  T.  C. 
Slater,  1954. 


Figure  25.     Aerial  view  of  Chero 
kee    hydraulic    mine,    showing    "older 
basalt"  and   landslides.  View  S.  85 
W.  Photo   by   T.   C.   Slater,    1954. 
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in  tlic  geologic  iirciMtiiic.  I^chitiiig  to  the  Sierra  it  has 
been  uscii  often  in  a  forniationai  sense,  altiiougii  it  ap- 
pears CO  have  lieen  gencralK'  applied  to  practicall>' 
any  sedinientar\-  rock  which  contained  placer  gold, 
regardless  of  the  lithology  or  age  of  the  rock  itself. 
Chancv   (  19.i2,  p.  22")  stated: 

It  is  clear  th:U   tlic    Aiirifcidus   Gravels  were   deposited 

during   a    considerable    portion    of   the     Tcrtiarv,    ranging 

from   Middle  I-.occnc  into  the   Miocene. 

Chanex    (  19v',  p.  "S)   later  noted: 

Recent  collections  lot  fossil  plants!  indicate  that  the 
age  of  these  gravels  [gold  hearing  gravels  on  the  west 
flank  of  the  Sierra  Ne\  ada !  ranges  from  I'ocenc  to 
Pleistocene. 

The  diverse  usage  of  the  term  "auriferous  gravels" 
was  succincrl\  iiniicatcd  1)\-  W'ilniarth  (  m,iS,  p.  92) 
wiio  dehnetl  the  "aiuiferous  gra\els'"  as  "a  descriptive 
term  that  has  had  considerable  usage  in  northern  Cali- 
fornia for  gra\cls  of  Cretaceous.  Eocene  and  Plei- 
stocene age."  Jenkins  (  194.i,  p.  67.^),  regarding  the 
"auriferous  graxcls",  stared: 

In  a  restricted  sense,  the  term  refers  to  the  older  gravels; 
in  this  manner  it  has  been  used  extensively;  Eocene  (mid- 
dle and  upper)  to  Miocene. 

.MacCinitie  (1941,  pp.  1-4)  noted  that  rocks  pre- 
viousl\-  designated  as  "auriferous  gravels"  range  in  age 
from  middle  Eocene  to  lower  Pliocene. 

Certain!)-  not  all  of  the  "auriferous  gravels"  at  an\ 
one  localit\  are  composed  entirel\ ,  or  even  predomi- 
nantly, of  gravel  or  conglomerate.  In  the  Oroville 
quadrangle,  for  example,  conglomerate  and  gravel 
make  up  onh  about  2  5  or  35  percent  of  the  total  sec- 
tion of  strata  w  hich  have  been  classified  as  "auriferous 
gravels"  there.  Nor  is  the  litholog\-  of  the  "auriferous 
gravels"  at  one  locality  necessarily  similar  to  that  at 
another,  even  though  the>-  may  lie  only  a  few  miles 
apart.  Indeed,  sometimes  the  onh"  common  factors  be- 
tw een  the  "gravels"  at  two  different  points  are  nierelx' 
the  presence  of  economic  quantities  of  gold  and  the 
fact  that  both   represent  fluviatile  deposits. 

Subdivision  of  the  "auriferous  gravels"  into  valid 
units  of  member  or  forniationai  status  would  no  doubt 
serve  to  eliminate,  at  least  in  part,  the  confusion  w  hich 
exists  regarding  the  term.  The  many  relatively  recent 
contributions  to  our  knowledge  of  the  age  of  the 
"auriferous  gravels",  made  largel\'  through  the  efforts 
of  such  workers  as  Allen,  Chaney,  .MacCinitie, 
A.xelrod,  and  Potbur\-,  seems  to  warrant  the  under- 
taking of  such  a  subdivision.  Hinds  (19.33,  pp.  115- 
116),  working  in  the  Klamath  .Mountains,  proposed 
the  term  Weaverville  beds  for  strata  w  hich  had  pre- 
viously been  classified  as  "auriferous  gravels"  by  Diller 
(1894,  p.  419). 

.As  will  be  discussed  more  full\-  in  a  later  section, 
the  finer-grained  sediments  of  the  "auriferous  gravels" 
at  Oroville  are  in  part  identical  w  ith  the  sediments  of 
the  lone  Formation  w  hich  occupies  the  same  stratigra- 
phic  interv  al  as  do  the  "auriferous  gravels".  Xot  with- 


out some  justification,  Lindgren  (1911,  pi.  15,  p.  H6) 
mapped  the  sediments  on  the  east  side  of  Table  .Moun- 
tain as  lone.  Allen  (1929,  fig.  5,  p.  367)  designated 
them  as  "Eocene  Gravels"  rather  than  lone,  pointing 
out,  however,  that  rhe\'  are  correlative  with  the  lone 
to  the  west.  .Apparently  Allen  believcti  that  the  term 
lone  should  be  restricted  to  sediments  which  have  a 
closer  siiuilaritv  to  the  type  section  in  .\mador 
Count)  which,  according  to  him  (pp.  354-359),  con- 
sists largelv  of  sandstone  and  cla\'  and  contains  only 
minor  quantities  of  conglomerate  or  gravel.  However, 
since  the  two  formations  are  so  closely  related  in  age, 
mode  of  origin,  and  mineralogy,  and  differ  significantly 
onlv  in  texture  and  percent  of  lirhologic  types,  some 
definite  link  in  the  nomenclature  of  the  two  may  be 
indicated.  For  example,  the  lone  Formation  and  the 
"gravels"  w  hich  are  definirch'  known  to  be  closely  re- 
lated to  the  lone  in  age  and  litholog\'  might  be  bf)und 
together  under  an  inclusive  group  name.  No  change 
in  nomenclature  is  proposed  here,  how  ever,  since  such 
a  motlificnrif)n  should  be  based  on  a  regional  studv'  of 
both  the  lone  anti  the  "auriferous  gravels".  Because  of 
the  factors  cited  above,  the  term  "auriferous  gravels" 
will  be  used  in  a  quotational  sense  in  the  present  paper 
and,  unless  otherwi.se  indicated,  will  be  applied  as  a 
forniationai  name  of  only  local  significance. 

The  "auriferous  gravels"  crop  out  in  two  areas. 
One  lies  at  the  south  edge  of  North  Table  .Mountain, 
in  Morris  Ravine  and  at  the  head  of  Schirmer  Ravine; 
the  second  and  smaller  area  is  at  the  north  end  of 
North  Table  iMountain,  in  the  upper  part  of  Sawmill 
Ravine  and  in  the  broad,  flat-bottomed  channel  which 
lies  south  and  east  of  the  hamlet  of  Cherokee.  In  this 
second  area  are  extensixe  old  hydraulic  workings, 
known  colloquiaIl\-  as  the  "Cherokee  hvdraulic  mine". 
It  is  in  these  workings,  especially  in  the  hydraulic 
faces  themselves,  that  the  "auriferous  gravels"  are 
most  extensivelv  and  continuoush-  exposed  (Figs.  21, 
24-26).  Two  small  isolated  areas  of  "gravel"  were 
mapped   between   .Monte   de   Oro   and   Oregon   Cit\'. 


Figure   26.      West  face  of  Cherokee  fiydroulic   mine,  witfi  outcropping 
bedrock   in  foreground.   View  south   from  Cherokee. 
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The  "gravels"  are  also  well  exposed  at  Morris  Ravine 
in  several  small  hydraulic  faces  and  in  one  under- 
ground mine.  In  contrast  to  the  aforementioned  arti- 
ficial outcrops,  natural  exposures  of  the  "gravels"  arc 
rather  sporadic,  but  because  of  the  distinctive  soil 
which  tends  to  form  from  them,  their  contacts  against 
all  other  formations  except  the  lone  may  be  traced 
w  ith  reasonable  accuracy. 

Numerous  references  to  the  "auriferous  gravels"  of 
the  Oroville  area  appear  in  the  literature  dealing  with 
Sierran  geology.  Notable  among  these  are  papers  b\- 
Pettee  (I880,"pp.  479-486),  Preston  (1893,  pp.  155- 
157),  Dillcr  (1894,  pp.  417-418),  Lindgren  (1911,  pp. 
86-89),  and  Allen  (1929,  pp.  398-401).  Lindgren 
(1911,  pp.  86-87)  presented  a  section  measured  at  the 
Cherokee  h\draulic  mine: 

The  following  is  the  section  beginning  from  tlie 
bedrock: 

(j)  Hard  cemented  greenstone  gravel,  5  to  10  feet  thick, 
part  angular,  very  poor  in  gold.  Some  quartz  cobbles.  No 
gold  on  bedrock. 

(b)  Local  small  streaks  of  black  clay  with  wood  and 
bark,  covered  in  places  by  (c)  small  blocks  of  basaltic 
lava,  probably  a  local  intrusion. 

(J)  Partly  cemented,  very  coarse,  fresh  blue  gravel.  20 
to  .?0  feet  thick,  with  large  blocks  of  greenstone,  partly 
rounded.  Spaces  between  filled  with  a  little  sand  and  well- 
washed  quartz  and  greenstone.  Surface  almost  level  .... 

(e)  Few  feet  of  rotten  bowlders,  simply  the  decomposed 
gravels  of  J,  acting  as  bedrock  for  stream  depositing  fine 
gravel. 

(f)  White  sand  and  quartzose  gravel,  50  feet  thick, 
mostly  very  fine,  some  a  little  coarser,  cobbles  on  bedrock 
of  e.  Lower  part  yields  25  cents  to  the  cubic  yard  in  fine 
gold.  Fluviatilc  stratification  very  distinct. 

(g)  Yellowish  white  sandy  clay,  200  feet  thick,  nearly 
without  structure;   in  places  with  horizontal  beds. 

(h)  Massive  basalt,  50  to  75  feet  thick. 

Lindgren's  units  (a),  (d),  and  (e)  have  been  dis- 
cussed already  in  the  present  paper.  Allen  (1929,  pp. 
398-401)  commented  on  the  section  described  by 
Lindgren  and,  on  the  basis  of  lithology  and  strati- 
graphic  relations,  considered  that  Lindgren's  unit  (g), 
"\cllo\\  ish  white  sandy  clay",  "probably  belongs  to 
the  Rhvolitic  tuff  [i.e.  \'alley  Springs]   period". 

The  most  characteristic  lithologic  types  which  make 
up  the  "auriferous  gravels"  are  light-colored,  loosely 
C(jnsolidated,  quartzose  sandstone  and  conglomerate, 
and  varicolored,  massive  siltstone  and  claystone.  .Minor 
beds  of  carbonaceous  shale  are  also  present  in  certain 
parts  of  the  section.  The  sandstone  and  conglomerate 
are  intimatelv  interbcddcd  and  frcqucntK'  grade  into 
one  another.  These  coarser-grained  sediments  are  most 
often  white,  light  gra>'  or  light  buff,  upon  which  ma\- 
be  superimposed  streaks  (jf  orange  or  yellov\-  iron 
oxide.  .Xt  one  point  in  the  Cherokee  mine,  quartz 
sandstone  in  the  lower  part  of  the  section  exhibits  a 
peculiar  lavender  tint,  apparently  imparted  b>-  minor 
quantities  of  ferruginous  matter.  Individual  strata  may 
be  thick-bedded  or  thin-bedded.  Often  where  thin 
bedding    occurs,    cross-bedding    is    excellently    devel- 


oped. Channeled  breaks  between  two  units  are  com- 
mon. .Most  of  the  sandstone  contains  scattered  pebbles 
and  often  grades  through  increasinglv  pebbly  portions 
into  c(jnglomerate.  The  conglomerate  itself  invariably 
contains  a  prominent  matrix  of  sand  like  that  with 
which  it  is  intercalated. 

Both  the  sandstone  and  the  conglomerate  are  typi- 
cally quite  friable.  But  in  many  artificial  excavations, 
such  as  the  several  hydraulic  mines  of  the  area,  these 
loosel>'  consolidated  sediments  ma\-  support  steep, 
nearl\'  vertical  faces  for  a  considerable  length  of  time. 
The  w  eak  consolidation  may  be  attributed  mainly  to 
the  abundance  of  finer-grained  matrix  material  rather 
than  to  the  presence  of  any  introduced  cementing 
agent.  Locally,  certain  thin  beds  are  hard  and  well- 
cemented  by  dark  red  or  reddish-brown  iron  oxide. 
Under  the  microscope,  irregular  patches  of  siderite 
are  seen  to  accompanx'  the  oxide  and  appear  to  have 
been  replaced  b\'  the  latter.  It  is  possible  that  siderite 
was  the  only  original  cementing  agent  and  that  most 
of  it  has  been  replaced  by  iron  oxide. 

Grain-size  in  the  sandstone  varies  from  tine  to 
coarse;  medium-  or  coarse-grained  types  are  most 
common.  Individual  sandstone  beds  usually  exhibit  fair 
size-sorting  if  grains  alone  are  considered,  but  because 
the  sandstone  almost  alwaxs  contains  significant 
amounts  of  silt  or  claw  or  both,  as  matrix  material, 
the  overall  aspect  is  one  of  poor  size-sorting.  Also 
noteworthy  is  the  predominance  of  angular  grains. 

B\-  far  the  most  abundant  mineral  present  as  grains 
in   the   sandstone   is   quartz.   PearK    white   or   cream- 
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Figure   27.      Plastic    claystone    interbedded    with    sandstone    and    con- 
glomerate.   "Auriferous   grovels",    Cherokee    mine. 
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colored  plates  of  kaolinitc  arc  characteristicalK'  pres- 
ent in  small  amounts  in  the  lower  part  of  the  "aurifer- 
ous gravels",  while  hiotite  is  the  only  micaceous 
mineral  of  any  importance  in  the  upper  part  of  the 
section.  Feldspar  is  rare  or  absent  in  the  lower  part  ot 
the  formation  liut  is  characteristicall\  present  in  small 
quantity  in  the  upper  part.  Bedding  in  the  sandstone 
may  be  manifested  by  slight  variations  in  grain-size, 
b\  the  presence  of  thin  lenses  of  claystone  or  of 
pebble-conglomerate,  or  b>'  the  occurrence  of  thin 
laminae  rich  in  mica. 

The  conglomerate  is  made  up  largely  of  subrounded 
to  w  ell-rounded  pebbles  and  cobbles  of  hard  siliceous 
materials— principall)'  w  hire  quartz  and  both  light-  and 
dark-colored  chert.  The  clasts  range  in  maximum  di- 
mension from  a  few  millimeters  to  5  or  6  inches,  but 
the  average  size  in  any  single  stratum  of  congU)meratc 
rareh'  exceeds  one  inch.  Almost  without  exception, 
the  clasts  are  loosel_\'  packed  and  are  set  in  a  matrix 
of  light-colored  quartz  sand  like  that  described  above. 
White  quartz  usually  constitutes  at  least  50  percent 
of  the  pebbles  and  cobbles,  and  in  man\-  instances 
reaches  80  or  90  percent.  Chert  may  make  up  10  to 
50  percent  of  the  clasts.  Pebbles  of  firm  white  or  yel- 
low claxstone  commonly  accompany  these  more  re- 
sistant types,  and  locally  ma\-  constitute  20  percent  of 
the  pebbles.  .Man\-  of  the  chert  pebbles  are  of  a  pecu- 
liar reticulated  type  not  found  in  the  nearby  bed- 
rock terrane. 

There  is  close  megascopic  and  microscopic  similar- 
ity ber^\een  the  sandstone  of  the  "auriferous  gravels" 
and  that  of  the  lone.  The  sandstone  in  the  lower  part 
of  the  "auriferous  gravels"  is  highly  argillaceous,  and 
the  fine-  to  medium-grained  varieties  may  contain  up 
to  40  percent  of  clay.  Abundant  quartz  occurs  in 
angular,  often  "splintery"  grains,  accompanied  by 
subordinate  amounts  of  detrital  chert  and  feldspar. 
Plates  of  kaolinite  may  constitute  as  much  as  5  percent 
of  the  rock.  Among  the  heavy  minerals,  w  hich  make 
up  from  1  to  4  percent  of  the  sediment,  the  dominant 
nonopaque  minerals  are  epidote,  zircon,  and  clinozois- 
ite.  In  one  sample  from  about  150  feet  above  the  base 
of  the  formation  at  Cherokee,  a  single  euhedral  dia- 
mond was  found.  The  lowest  sandstone  at  Morris 
Ravine  and  at  Cherokee  carry  little  else  besides  opaque 
minerals  and  euhedral  zircon  in  the  heav\-  mineral 
fraction.  As  in  the  lone,  the  sandstone  in  the  upper 
half  of  the  "auriferous  gravels"  contains  abundant 
biotite  and  little  or  no  kaolinite.  Quartz  is  the  most 
abundant  constituent,  but  feldspar  is  more  abundant 
than  in  the  low  er  part  of  the  section. 

\'ariegated  cla\stone  and  siltstone  are  abundant  in 
the  "auriferous  gravels".  .Many  of  them  are  markcdl\- 
similar  to  those  found  in  the  lone  Formation.  Much 
of  the  upper  part  of  the  section  consists  of  pelitic 
t_\pes,  and  thin,  lenticular  strata  of  claystone  or  silt- 
stone  are  commonly  intercalated  with  the  coarser- 
grained  sediments  in  the  lower  half  of  the  gravels  (Fig. 
27).  The  colors  most  often  observed  in  the  pelitic  sedi- 


Figure  28.  Terraced  lithomarge  surface  overlain  by  hord,  flaggy 
"iron  crust".  Two  terrace  levels  ore  visible.  South  end  of  Cfierokee 
hydraulic  mine. 

ments  are  white,  light  gray,  and  \ellow .  Mottled 
color-combinations,  such  as  brick-red  and  blue-gray, 
brown  and  gray,  or  red  and  cream-white,  also  occur 
frequentlw  Most  of  the  cla\stone  is  massive  and  quite 
compact  and,  when  dry,  breaks  into  block\'  frag- 
ments. Fissility  is  seldom  developed.  The  amount  and 
nature  of  admixed  impurities  in  the  claystone  are  vari- 
able; some  of  the  cla\stone  is  quite  evenly  textured 
and  pure,  while  some  contains  noteworth\-  amounts  of 
silt,  angular  quartz  sand-grains,  or  rounded  quartz 
pebbles.  At  a  few  localities,  concretions  of  iron  oxide 
are  abundant  along  certain  horizons. 

Much  of  the  claystone  is  markedly  similar  in  ap- 
pearance to  the  residual  claystone  or  lithomarge  upon 
which  the  "gravels"  frequently  rest.  Undoubtedly 
some,  and  perhaps  most,  of  it  represents  material  re- 
worked directh'  from  the  residual  cla\s.  Where  de- 
trital claystone  lies  at  the  base  of  the  section  it  is 
easily  mistaken  for  residual  clay,  and  may  be  distin- 
guished only  by  its  content  of  scattered  angular  sand- 
grains.  An  interesting  type  of  detrital  claystone  occurs 
at  several  localities  on  the  northwest  edge  of  the 
Cherokee  channel.  It  is  pebbly  and  has  a  crude,  sub- 
parallel  fissilitw  Close  examination  shows  that  the  fis- 
sility is  due  to  the  presence  of  slabs  of  bedrock  which 
have  been  converted  to  cla\'  and  in  which  an  original 
slaty  cleavage  is  still  recognizable. 

At  many  localities,  the  "auriferous  gravels"  rest  di- 
recth"  upon,  and  have  preserved,  a  deepl\"  decayed 
bedrock  surface.  Without  doubt,  the  alteration  of  the 
bedrock  can  be  attributed  to  the  pre-Ione  period  of 
deep  chemical  weathering  or  partial  laterization  w  hich 
Allen  (1929,  pp.  .^83-394)  postulated  to  account  for 
similar  features  seen  in  other  parts  of  the  Sierra.  The 
general  effect  of  the  pre-Ione  weathering  in  the 
Oroville  quadrangle  has  been  the  production  of  a 
variegated  cla\-  or  cla\-like  rock  which  presumablx" 
represents  that  part  of  the  lateritic  profile  known  as 
lithomarge.  .\t  a  few  places,  true  laterite  may  be 
present.  One  such  occurrence  is  in  the  head  of  Sawmill 
Ravine,  near  Campbell  Flat,  w  here  a  small  clearing  is 
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underlain  by  dark  red  pisolitic  cla\ .  On  the  other 
hand,  transitional  stages  between  lithoniarijc  and  fresli 
bedrock  are  frequentl>-  found.  Tlie  lithoniargc  varies 
wideK"  in  color,  but  is  usuailx'  white  or  some  shade 
of  \ellow  or  red.  .Mottled  combinations  of  various 
colors  are  common.  In  most  examples  of  the  litho- 
marge  all  traces  of  original  structure  have  been  ob- 
literated, but  at  a  few  localities  relict  cleavage  or 
bedding  is  plainls'  visible. 

The  surface  of  the  lithomarge  at  Cherokee  is  often 
capped  by  a  hard,  flagg\  reddish-brown  crust  of  iron- 
oxide  (Fig.  28).  The  crust  ma\'  have  a  thickness  of 
several  inches.  It  usuall\"  contains  scattered  angular 
grains  of  quartz  and  in  some  places  cements  the  lowest 
part  of  an  o\erl\ing  conglomerate  or  sandstone.  The 
"iron  crust"  ma\-  be  related  to  the  process  of  lateriza- 
tion,  or  may  have  been  formed  by  precipitation  of  the 
necessary  materials  after  the  lithomarge  had  devel- 
oped and  been  buried  by  later  sediments.  Similar 
crusts  are  found  on  various  strata  of  the  "auriferous 
gravels",  and  it  is  possible  that  not  all  of  the  "iron 
crusts"  are  of  an  identical  origin. 

An  interesting  example  of  the  crust  occurs  in  the 
southern  part  of  Sawniiil  Ra\ine.  There,  a  series  of 
small  terraces  or  benches,  cut  in  both  residual  and 
reworked  lithomarge,  has  been  exposed  by  hydrau- 
licking  and  natural  erosion.  The  fronts  of  the  terraces 
trend  slightl\-  east  of  north  and  slope  toward  the  west 
as  much  as  60  degrees.  They  have  presumably  been 
cut  by  stream-  or  wave-action.  The  terraced  surface  is 
coated  with  "iron  crust"  which  in  turn  is  partly  buried 
by  sediments  of  the  "auriferous  gravels"  (Figs.  29, 
30).  Similar  crusts  are  "perched"  in  the  overlying 
sediments. 

The  maximum  exposed  thickness  of  the  "auriferous 
gravels"  in  the  Orovillc  (]uadranglc  is  approximately 
350  feet.  The  formation  is  in  onlap  contact  with  a 
west-sloping  bedrock  surface  so  that  its  thickness  rap- 
idly diminishes  tow  ard  the  northeast.  l'"or  example,  the 


Figure   29.      Terraced     lithomorge    surface    overlain     by    "iron    crusf". 
View    northwest     South    end    of   Cheroicee    hydraulic    mine. 


Figure  30.  Terraced  lithomarge  surface  overlain  by  "iron  crust". 
South  end  of  Cherokee  hydraulic  mine.  Two  terrace  levels  ore  visible. 
View  is  to  southv/est. 


Figure  31.  Disconformity  between  claystone  and 
overlying  sandstone.  "Auriferous  gravels."  West  face 
of  Cherokee   hydraulic   mine,  view   north. 
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Figure  32.  "Auriferous  gravels"  in  abutment  contact  with  bedrock 
(lithomorge).   Cherokee    hydraulic   mine. 

rliickncss  of  rlic  formation  in  .Morris  Ravine  is  ap- 
pro\iniatcI\-  y50  feet,  but  within  a  mile  to  the  north- 
cast  little  or  ni)  "iinu'el"  occurs.  .'\  small  part  of  the 
marked  thinnina;  is  due  to  the  slight  angular  discord- 
ance which  exists  between  the  "auriferous  gravels" 
and  the  o\erl\ing  "older  basalt",  but  most  of  it  can  be 
attributed  to  the  slope  of  the  bedrock  surface. 

A  stratigraphic  section  of  the  "auriferous  gravels" 
and  related  units  at  the  Cherokee  h\draulic  mine 
was  measured  b\-  .Messers.  O.  E.  Bow  en  and  .Mort  D. 
Turner  of  the  California  Division  of  .Mines,  and  the 
w  titer.  The  section  was  measured  on  the  west  face  of 
the  mine,  and  w  as  supplemented  by  observations  made 
in  other  parts  of  the  mine.  The  results  are  presented  in 
the  appendix. 

At  least  three  w  ell-defined  stratigraphic  breaks  occur 
within  the  "auriferous  gravels"  section  at  the  Cherokee 
mine.  Similar  discontinuities  probably  occur  in  the 
section  at  Morris  Ravine,  but  were  not  observed  be- 
cause of  the  poor  exposures  there.  All  of  these  breaks 
are  marked  bv  laterally  consistent  undulating  sheets  of 
"iron  crust ",  similar  to  those  described  above.  They 
are  not  restricted  to  individual  beds  but  transect  true 
bedding  and  appear  to  lie  on  irregular,  channeled  sur- 
faces (Fig.  31).  The  "iron  crusts"  occur  at  breaks 
between  sediments  of  different  porosit)-  and  permea- 
bilit\',  such  as  an  interface  between  sandstone  and 
claystone.  In  almost  all  cases,  the  less  permeable  mate- 
rial lies  heloM-  the  crust.  Presumably  the  "iron  crusts" 
consist  in  large  part  of  iron  oxide  that  has  been  car- 
ried in  waters  which  percolated  through  a  permeable 
medium  and  was  precipitated  at  or  near  the  interface 
\\  ith  a  material  of  lower  permeabilit\-. 

At  one  point  in  the  Cherokee  hydraulic  mine,  the 
uppermost  claystone  of  the  "auriferous  gravels"  is 
overlain  by  about  15  feet  of  pale  buff  thin-bedded, 
cross-bedded  quartz  sandstone  (sec  unit  14,  measured 
section).  Unlike  the  sandstone  of  the  undcrl\ing  sec- 
tion, this  sandstone  is  (]uite  well  sorted  and  free  of 
argillaceous  matrix  material.  It  ma\-  represent  the 
accumulation  of  grains  reworked  and  washed  free  of 


clay  friim  some  ot  the  undcrl\  ing  auriferous  gravels. 
Because  of  the  very  limited  extent  of  this  unit,  it  was 
not  mapped  separately  or  assigned  a  formational  name. 
Thin  partings  of  dark  gray  clay-shale  near  the  base  of 
the  saiulsrone  contain  abundant  fossil  leaves  of  prob- 
al)l\'  I'.occiU'  age. 

Sc\eral  writers  have  stated  their  belief  that  the 
Sicrran  "aiu'iferous  gravels"  or  a  part  thereof  are 
equivalent  to  the  lone  Formation  (Lindgren,  1894,  p. 
3;  Turner,  1894a,  p.  4;  Lindgren,  1911,  p.  24;  Dick- 
erson,  1916,  pp.  417-418;  Allen,  1929,  pp.  395-402). 
Allen  (1929,  p.  402)  showed  conclusively  that  the 
"mineral  composition  of  the  white  i|uart'/.  gravels  fof 
the  "auriferous  gra\cls"l  is  similar  to  the  lone,  and  the 
gravels  \\  ere  deposited  by  the  same  streams  which  laid 
down  the  delta  deposits  of  the  lone".  The  present 
w  titer  is  in  agreement  with  such  a  correlation  insofar 
as  the  Oroville  area  is  concerned.  In  the  Oro\illc  (quad- 
rangle, the  "auriferous  gravels"  and  the  lone  occupy 
an  identical  stratigraphic  position,  are  laterally  con- 
tinuous, and  contain,  in  part,  mutually  identical  lith- 
ologic  types.  The  contact  between  the  two  units  as 
shown  on  the  geologic  map  is  vague  and  arbitrarv  and 
represents  at  best  the  mean  position  of  a  very  gradual 
change  from  the  generally  coarser-grained  sediments 
of  the  "auriferous  gravels"  into  the  dominantl\-  finer- 
grained  sediments  of  the  lone.  The  writer  found  no 
evidence  in  support  of  Allen's  suggestion  (1929,  p. 
401)  that  part  of  the  strata  above  the  "quartz  gravels" 
at  Cherokee  "might  be  an  altered  tuff"  and  "probabh" 
belongs  to  the  Rhyolitic  tuff  period".  The  occurrence 
of  fossil  leaves,  almost  certainl\'  of  Eocene  age,  in  beds 
at  the  top  of  the  .section  (see  p.  162)  would  rule  out  a 
correlation  with  at  least  the  main  part  of  the  Sierran 
rhyolite  tuffs,  which  appear  to  be  Miocene  in  age 
(Gale,  et  al.,  1939,  pp.  79-80). 

The  \'oungest  rocks  lying  beneath  the  "Auriferous 
gravels"  belong  to  the  "greenstone  gravel"  in  the 
northern  part  of  the  Cherokee  hydraulic  mine  and  the 
"Dry  Creek"  (?)  in  the  southern  part  of  the  mine.  But 
because  of  the  irregularity  of  the  underlying  bedrock 
surface,  both  of  these  units  are  rather  limited  in  dis- 
tribution and  neither  occurs  over  a  wide  area.  The 
contact  between  "Dry  Creek"  (?)  beds  and  "aurif- 
erous gravels"  was  directly  observed  at  only  one 
locality  and  appears  to  be  sharp  but  conformable.  The 
contact  between  the  "greenstone  gravel"  and  the 
"auriferous  gravels",  as  mentioned  above,  is  apparently 
a  shght  disconformity.  At  many  places  the  "gravels" 
rest  directly  upon  bedrock,  and  the  contact  is  a  pro- 
found angular  unconformity.  In  detail  the  bedrock 
surface  is  (]uite  irregular,  but  in  broad  aspect  it  slopes 
gradually  westward,  and  in  several  places  the  beds  of 
the  "auriferous  gravels"  abut  sharplv  against  this  sur- 
face (Fig.  32). 

Except  in  the  south  part  of  Morris  Ravine,  the 
"auriferous  gravels"  are  overlain  with  slight  angular 
unconformity  by  the  "older  basalt",  which  forms  the 
broad,  flat-topped  eminence  of  Table  iMountain.  The 
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conract  is  essentially  planar  and  dips  a  few  degrees 
toward  the  \\ cst-sovithwcst.  Tlic  relation  between  the 
two  formations  is  best  seen  at  the  Cherokee  hydraulic- 
mine.  Several  units  at  the  top  of  the  "gravels"  section, 
present  on  the  west  side  of  the  mine,  are  missing  on 
the  east  side  of  the  mine,  so  that  the  "gravels"  appear 
to  be  gradually  overlapped  toward  the  east.  Near 
.\ionte  dc  Oro  and  on  the  cast  side  of  South  Table 
Mountain  a  relatively  thin  sequence  of  interbedded 
andcsitic  nuulflow,  volcanic  sandstone  and  conglom- 
erate, belonging  to  the  Mchrten  (?)  Formation,  is 
present  between  the  underlying  "auriferous  gravels" 
and  the  overlying  "older  ba.sait".  The  contact  is  not 
well-exposed,  but  to  the  west  the  .Mehrten  (?)  shows 
a  niarkedK-  disconforniablc  relationship  with  the  lone 
Formation  (essentiall>'  cqui\alent  to  tiie  "auriferous 
gravels"). 

The  earliest  sediments  of  the  "auriferous  gravels" 
represent  tlu\iatiic  deposition  in  stream  channels  w  hich 
ma\-  have  existed  for  a  considerable  length  of  time.  At 
Cherokee,  the  "auriferous  gravels"  initially  accumu- 
lated in  the  same  channel  in  which  the  "greenstone 
gravel"  had  been  previously  deposited.  .Mso  at  this 
time,  one  or  more  channels  were  filled  at  the  present 
site  of  Morris  Ravine.  To  the  southwest,  contempo- 
raneous deltaic  sediments  accumulated  at  the  mouth  of 
the  various  streams,  forming  the  deposits  of  the  lone 
Formation.  .As  sedimentation  progressed,  successively 
younger  sediments  were  spread  out  on  a  broadening 
flood  plain,  and  tlie  identity  of  the  original  channels 
was  gradualK'  lost. 

Fossil  leaves  were  collected  !)>•  the  writer  at  two 
localities  in  the  Cherokee  h\draulic  mine.  The  locali- 
ties are  fully  described  in  the  appendix.  The  older 
of  the  two  assemblages  (Locality  12)  occurs  in 
shales  near  the  base  of  the  "auriferous  gravels"  section, 
while  the  vounger  (Locality  \})  is  found  in  the  un- 
named beds  at  the  top  of  the  section.  The  leaves  were 
identified  by  Professor  R.  \V.  Chaney  who  has  fur- 
nished the  following  statement  *  regarding  them. 

The  leaves  from  the  lower  horizon  |  Locality  121  are 
somewhat  fragmentary,  but  the  following  forms  may  be 
recognized: 

Pbytocrene  sordida  (I.esquereux) 

Rhus  mixta  Lcsqucreux 

CimicnnoDmiii  dilleri  ( ?  )  Know  Iton 

CalyplraJilhes  arbutifolia   (?)   Chaney  and  Sanborn 

Nectandra  presangiihtea  Chaney  anil  Sanborn 

Conius  kelloggii  I.esquereux 

Meliomia  goshenensis  (?)  Chaney  and  Sanborn 

Vibuniutii  cf.  varijhilis  MacCiinitic 

Sytuplocos  OTcgona  Clianc\'  and  Sanborn 

I'ersea  pseiidocaroimcnsis  I.esquereux 

Jiiglans  sp.  (probably  an  F.occne  species) 

The  assemblage  is  definitely  of  the  Chalk  Bluffs  type, 
and  is  no  older  than  middle  to  upper  [•".ocenc.  The  plants 
grew  in  a  warm  temperate  or  subtropical  climate. 

The  leaves  from  the  upper  horizon  (Locality  13]  are 
quite  fragmentary.  The  following  forms  may  be  recog- 
nized: 

Persea  pseudocaroUnensis  Lcsquereux 

•  Personal  communication,  1954. 


Nectandra  presavgiiinea  Chaney  and  Sanborn 
Telracera  castaiteaefolia  MacGinitie 
Ficus  sp.  (possibly  cf.  goshenensis  or  quiswnbmgi) 
C.iipitnia  sp.  (possibly  oregona) 

The  floralistic  aspects  of  this  assemblage  suggests  that  it 
is  middle  to  upper  I'.ocene.  The  plants  represented  grew  in 
a  warm  temperate  or  subtropical  climate. 

Regarding  the  age  of  the  Chalk  Bluffs  flora  based 
purely  on  a  consideration  of  the  flora  itself,  Mac- 
Cinitie  (1941,  p.  92)  stated: 

The  Chalk  Bluffs  flora  is  .  .  .  older  than  the  miildlc  part 
of  the  Upper  Foccne.  and  the  evidence  indicates  that  it 
is  older  than  the  Claiborne  flora  [middle  T.ocene,  Gulf 
Coast  1 . 

There  is  thus  nothing  in  the  relationships  of  the  flora  to 
c«)ntradict  the  assignment  of  the  lone  formation  (Mac- 
Ginitie considered  that  the  plant  bearing  beds  at  Chalk 
Bluffs  represent  a  continental  facics  of  the  lone  formation] 
to  the  Capay  stage  of  the  Middle  Locene,  and  much  to 
substantiate  this  age  dcterminarion. 

^^ehrten  (?)  Formation 

Outcrops  of  lertiarN'  andesitic  tutf,  lapilli  tufT,  and 
tuflF-breccia,  with  associated  volcanic  sandstone  and 
minor  conglomerate,  are  scattered  over  the  southeast- 
ern part  of  the  Oroville  (]uadranglc.  liiese  rocks  un- 
doubtedly belong  to  the  "Sierran  andesite  series"  of 
the  older  literature  and,  as  such,  represent  an  outlier 
at  the  northwest  corner  of  the  regional  outcrop  area 
of  this  unit.  The)'  ha\e  many  features  in  common  with 
tiie  upper  Pliocene  Tuscan  i-'ornuition  mapped  in  the 
northern  part  of  the  area,  but  the  two  are  nonetheless 
quite  distinct.  The  andesitic  rocks  are  tentatively  re- 
ferred to  the  Mchrten  Formation,  which  is  better 
known  in  other  Sierran  areas  to  the  south  and  east. 

Although  the  presence  of  vast  quantities  *  of  Ter- 
tiary andesitic  rock  in  the  Sierra  Nevada  has  long  been 
recogni/cil  (\Vhitne\-,  1S65;  Turner,  1894.  p.  487),  no 
formal  names  were  generall\  applied  to  these  deposits 
until  1938.  Clark  and  Anderson,  in  1938,  cited  evidence 
southeast  of  Marysville  which  indicated  that  not  all 
of  the  "Sierran  andesitic  series"  belongs  to  the  com- 
monl\-  stated  age  of  late  Miocene  to  earl\  Pliocene, 
but  that  certain  of  the  andesitcs  were  erupted  much 
earlier.  They  (pp.  937-938)  used  the  name  "Reeds 
Creek  andesitic  rocks"  for  strata  w  hich  the>-  suggested 
might  be  of  middle  Eocene  to  possibh-  late  I'.ocene 
or  earl\-  Oligoccne  age.  Ciale,  et  al  (1939,  pp.  61-71), 
working  in  the  Mokelumne  River  area,  proposed  the 
name  Mehrten  Formation  for  the  Tertiary  andesitic 
rocks  there,  and  the  term  has  since  been  widel\-  used 
for  correlative  dc[iosits  in  other  Sierran  areas  (cf. 
Taliaferro  and  Solari;  Curtis,  19.'>4). 

Thus  the  term  ".Mehrten  Formation"  is  applied  only 
provision;ill\  to  the  rocks  under  discussion.  First,  they 
are  geographic:ill\  remote  from  an\'  outcrops  known 
to  be  Mehrten.  Second,  and  perhaps  more  important, 
the  name  Mehrten  is  used  with  the  "realization  that 
these    rocks    ma\'    instead   be   eiiuixalent   to   andesites 


•Curtis   (1954,  p.  453)   estimated  that  the  Mehrten  once  cov- 
ered an  area  probably  in  excess  of  12.000  square  miles. 
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believed  to  he  miicli  oklcr  rli;iii  tlic  Mchrtcii,  siitli  as 
tlie  "Reeds  ('reek  andesitic  rocks"  ot  the  Wheatland 
region,   ^("lark  and  Anderson,   1938,  pp.  'HO-'Hl). 

Outcrops  of  the  Mehrten  (?)  Formation  are  rather 
limited  in  tlie  area  of  sriid\',  owing  to  w  iiiespread 
hiirial  hy  later  sei.iinientar\'  anil  \ olcanic  deposits  anil 
to  later  erosion.  The  exposures  occur  in  five  rather 
widely  separated  areas  in  the  southeast  quarter  of  the 
Orovillc  quadrangle.  The  largest  area  underlain  by 
the  .Mehrten  (?)  includes  poorK-  exposed  outcrops 
beneath  the  "older  basalt"  on  South  fable  Mountain 
and  in  the  Campbell  Hills.  Smaller  areas  of  outcrop 
lie,  respectivel\',  on  .Monte  de  Oro,  on  the  west  bank 
of  the  Feather  River  near  Thermalito,  just  east  of  the 
river  and  north  of  Oroville,  and  about  2  miles  due  ease 
of  Oro\ille  near  the  road  to  Forbestown. 

The  most  abundant  and  characteristic  rock  types 
found  in  the  .Mehrten  (-)  Formation  in  the  area  of 
study  are  andesitic  lapilli  tuff  and  tuff-breccia.  These 
rock-t>pes  occur  in  all  sections  of  the  Mehrten  (?) 
except  that  on  Monte  de  Oro,  and  the  outcrops  which 
lie  due  east  of  Oroville  are  dominated  b\  them.  The\- 
are  generally'  somewhat  light-colored,  varying  from 
shades  of  light  gray  or  tan  to  medium  brownish-gray. 
Internal  stratification  is  usually  lacking,  although  these 
pyroclastics  are  frequentl\'  intercalated  with  sedimen- 
tary rocks.  Blocks  and  lapilli  are  firnil\'  held  in  a  hard, 
compact  matrix  which  contains  noteworthy'  amounts 
of  silty  and  clayey  material  and  many  sand-sized 
crystal,  lithic  and  vitric  fragments.  The  blocks  and 
lapilli  are  typicalh"  subangular;  their  average  size  varies 
from  place  to  place,  hut  generally  lies  between  1  Yi 
and  3  inches.  In  any  one  stratum,  the  sorting  with 
respect  to  size  of  fragments  is  generally  poor.  Blocks 
6  inches  across  are  common,  but  no  blocks  larger  than 
10  inches  were  observed.  None  of  the  lapilli  tuff  or 
tuff-breccia  examined  by  the  writer  is  monolithologic 
with  respect  to  composition  of  the  contained  lapilli 
or  blocks.  Furthermore,  the  lapilli  are  characterized 
by  somewhat  different  assemblages  of  rocks  than  are 
the  blocks,  and  several  types  found  among  the  lapilli 
do  not  occur  as  blocks.  The  great  majority  of  the 
blocks  are  one  of  several  types  of  generally'  nonvesicu- 
lar or  microvesicular  porphyritic  andesitc.  Almost  all 
of  these  contain  prominent  phenocrystic  hornblende, 
augite,  hypersthene,  or  biotite,  or  combinations  of 
these  minerals.  The  phenocrysts  are  set  in  an  aphanitic 
or  niicrocrystalline  groundmass,  the  usual  color  of 
which  varies  from  light  gra\'  to  dark  gray.  Some  of 
the  andesites,  however,  ha\c  been  more  or  less  altered 
t(j  shades  of  brow  n  or  reddish  brown.  The  associated 
lapilli  are  largely  subangular  to  subrounded  fragments 
of  the  same  lithologic  t\j')es  found  among  the  blocks, 
with  a  lesser  number  of  fragments  of  black  to  red 
scoriaceous  basalt  and  scattered  bits  of  light-colored 
pumice  and  brow  n  ciaystone.  The  sand-sized  material 
of  the  matrix  includes  fragments  or  euhedra  of  feld- 
spar,  hornblende,  pyroxene,  and  biotite,  lithic  frag- 


ments of  variousl\  colored  dense  volcanic  rock  and 
hits  of  devitrified  pumiceous  glass. 

Microscopically,  almost  all  of  the  blocks  and  lapilli 
arc  seen  to  be  of  andesite.  Phenocrysts  constitute  from 
10  to  90  percent  of  the  rock.  The  groundmass  may  be 
holocr\  stalline,  hypocrystalline,  or  holohvaline.  The 
h\pocrystalline  types  are  often  trachytic,  with  a 
.swarm  of  n)icrolitic  feldspar  set  in  a  base  of  pale 
brown  glass.  Others  have  a  groundmass  of  opaque 
black  glass.  The  majority  of  the  phcnocr\sts  are  of 
zoned  plagioclase  ( An.i.-.-An;,,)  which  is  often  strongly 
altered.  1  he  most  abundant  ferromagnesian  mineral 
is  green  hornblende,  w  hich  is  almost  invariably  fringed 
with  granular  magnetite.  Less  commonl\-,  the  amphi- 
bole  is  ox\hornblende.  The  hornblende  may  occur 
alone,  but  more  often  is  accompanied  by  biotite  or 
h\'persthene.  Types  bearing  only  hypersthene  or  aug- 
ite, or  the  two  together  without  hornblende,  are  less 
abundant.  Fragments  of  non-porph\ritic,  de\'itrified 
glassy  scoria  and  wood\-  pumice  are  common  among 
the  smaller  lapilli.  The  matrix  is  a  dirty  tan,  semi- 
opaque,  niicrocrystalline  aggregate  of  nearly  isotropic 
minerals  with  abundant  sand-sized  euhedra  and  broken 
cr\'stals  of  plagioclase  and  ferromagnesian  minerals, 
accompanied  by  lithic  and  vitric  fragments. 

Interbedded  with,  and  subordinate  to,  the  coarser 
pyroclastic  rocks  of  the  .Mehrten  (?)  is  light-colored 
lithic-crystal  tuff.  Typical  colors  are  pale  \ellowish- 
white,  light  purplish-tan,  light  gray  or  brow  nish-gra>'. 
it  tends  to  be  massive,  firm  and  compact,  and  to  break 
with  a  blocks-  fracture.  Abundant  small  fragments  of 
dark  aphanitic  or  microcr\stalline  volcanic  rocks  are 
accompanied  by  scattered  euhedral  or  fragmented 
crystals  of  feldspar,  hornblende,  pyroxene,  and  biotite. 
These  sand-sized  fragments  are  contained  in  a  firm 
matrix  of  clay  and  silt. 

Another  important  lithologic  type  in  the  Mehrten 
(?)  Formation  is  pale  buff  to  bluish-gray  volcanic 
sandstone.  In  many  outcrops,  this  rock  shows  a  marked 
similarity  to  the  volcanic  sandstone  of  the  upper  Plio- 
cene Tuscan  Formation,  but  may  be  distinguished 
from  the  latter  by  its  close  association  with  andesitic, 
rather  than  basaltic,  tuff-breccia  and  by  the  presence 
in  the  sandstone  at  many  localities  of  pebbles  of  ande- 
site. The  sandstone  is  thick-  to  thin-bedded;  cross- 
bedding  occurs  locally.  Much  of  it  is  soft  and  friable, 
but  some  is  firm  and  compact,  without  an  apparent 
cementing  agent.  It  tends  to  be  moderatel}'  well-sorted 
with  respect  to  size,  although  the  coarser-grained 
types  are  generally  ill-sorted.  Grain-size  ranges  from 
very  fine  to  very  coarse,  and  much  of  the  sandstone 
contains  appreciable  amounts  of  admixed  silt  or  clay 
or  both.  Some  of  the  sandstone  which  occurs  in  the 
basal  conglomerate  on  South  Table  Mountain  has  a 
prominent  matrix  of  yellowish-green  clay.  Scattered 
granules  and  pebbles  of  andesite  are  often  present,  and 
thin,  lenticular  pebble  beds  are  common.  The  grains 
are  predominantl\'  subangular,  but  vary  from  angular 
to  subrounded.  The  most  abundant  constituents  among 
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the  grains  ;ire  fragments  of  black,  gra\',  or  red  dense 
volcanic  rocks,  [-"cldspar  is  also  prominent,  and  some 
of  the  sandstone,  probabi)'  of  tutTaccous  character, 
contains  abundant  euhcdra  of  feldspar.  Flakes  of  bio- 
rite  arc  conimoni\'  present  and  in  certain  beds  are 
unusually  abundant.  Other  fcrromagnesian  minerals, 
such  as  hornblende  and  h\  persthene,  and  metallic 
grains,  like  magnetite,  occasionally  may  be  identilied. 
Some  quartz  is  present  but  does  not  appear  to  be  an 
important  constituent.  Identification  of  the  mineral 
grains  is  often  hampered  b>'  a  ^\■hite  or  ligiu-gra\ 
mineral  substance  which  coats  the  grains. 

Lenticular  beds  of  friable  volcanic  granule  to  cobble 
conglomerate  are  sporadically  interbedded  with  the 
p\roclastic  rocks  and  volcanic  sandstone  of  the  .Melir- 
tcn  (?)  Formation.  These  consist  of  subrounded  to 
well-rounded  pebbles,  cobbles  and  occasional  boulders 
of  andesite,  like  that  found  as  blocks  in  the  tuff-brec- 
cia, w  ith  lesser  amounts  of  quartz,  chert,  old  basic  to 
intermediate  volcanic  rocks,  and  pkitonic  rocks.  The 
clasts  are  set  in  a  matri.x  of  light-colored,  ill-sorted 
sand.  The  conglomerate  tends  to  be  poorl\-  sorted  with 
respect  to  size.  Some  beds  consist  entirel\-  of  granules 
and  small  pebbles,  w  hile  others  are  dominated  by  3-  or 
4-inch  cobbles.  The  only  conglomerate  in  the  Mehrten 
having  marked  lateral  consistcnc\  is  that  w  hich  occurs 
on  the  north  and  cast  flanks  of  South  Fable  .Mountain. 
There,  from  25  to  40  feet  of  pebble  to  cobble  con- 
glomerate and  interbedded  yellowish-buff  sandstone 
mark  the  base  of  the  formation.  This  conglomerate 
contains  al)undant  pebbles  and  cobbles  of  unaltered 
hornblende  andesite,  w  ith  many  well-rounded  clasts  of 
white  quartz  and  ciiert,  and  lesser  quantities  of  schist, 
metavolcanic  rock,  quartzite,  and  granodiorite.  The  an- 
desite is  similar  to  t\pes  found  as  blocks  in  the  ov  cr- 
l\ing  tuff-breccia  and  was  apparently  derived  from 
older  parts  of  the  "andesitic  series"  which  probal)l\ 
once  la\-  to  the  east.  I  he  quartz  and  chert  presumably 
represent  material  reworked  from  the  "auriferous 
gravels",  while  the  other  clasts  mentioned  aboxe  all 
ha\e  counterparts  in  situ  in  the  ncarl)\  Sierran  bed- 
rock terrane. 

On  South  Table  Mountain  and  in  the  Campbell 
Hills,  the  Mehrten  (?)  Formation  is  underlain  discon- 
formably  b\-  the  lone  Formation  on  the  west  and  by 
the  "auriferous  gravels"  on  the  east.  The  disconformity 
is  generall\'  broad  and  gentle,  but  locally  may  be 
sharpl\'  defined.  Such  a  relationship  is  seen  in  the 
Campbell  Hills  where  about  100  feet  of  lone  strata  arc 
cut  out  w  ithin  a  quarter  of  a  mile  along  strike.  To  the 
south  and  east,  near  Oroville  and  on  Monte  de  Oro, 
the  .Mehrten  (?)  is  seen  to  rest  directly  on  bedrock 
w  here  the  base  of  the  formation  is  exposed.  .\  similar 
relationship  probably  exists  east  of  Oroville  where  the 
lower  portion  of  the  .Mehrten  (?)  is  concealed  beneath 
the  Red  Bluff  Formation.  Fhe  Mehrten  (?)  strata  on 
Table  Mountain  and  in  the  Campbell  Hills  are  over- 
lain by  the  "older  basalt".  A  slight  angular  unconform- 
it\-  may  separate  the  two  units,  but  its  existence  has 


not  been  definitely  established.  The  Aichrten  (? )  south 
of  Fable  .Mountain  is  overlain  unconformably  by  the 
Red  Blutf  Formation,  except  locall\-  where  erosion 
remnants  of  an  unnamed  pumice  tuff  overlie  the 
.Mehrten.  The  greatest  exposed  thickness  of  the  Mehr- 
ten (-)  Formation  lies  on  tiie  north  side  of  South 
Fable  .Mountain  and  on  the  south  flank  of  the  Camp- 
bell 1  lills;  a  maximum  of  about  200  feet  of  andesitic 
strata  is  exposed.  East  of  Oroville,  near  the  road  to 
Forbesrown,  a  maximum  thickness  of  50  feet  is  ex- 
posed, and  an  undetermined  thickness  of  the  lower  part 
of  tiie  formation  lies  buried  beneath  the  Bed  Bluff 
Formation.  On  the  west  bank  of  the  Feather  River 
near  Ilicrmalito,  21  feet  of  intcrbcdilcd  andesitic  lap- 
illi  tuff,  tuff,  volcanic  sandstone  and  conglomerate  lie 
above  the  level  of  the  river  and  disconformably  be- 
neath the  Red  Bluff. 

The  .Mehrten  Formation  (restricted)  is  upper  Mio- 
cene to  lower  Pliocene.*  Louderback  (1924,  p.  19) 
concluded  that  the  "period  of  great  Tertiary  andesitic 
eruptions  of  the  Sierra  \'e\ada  is  .  .  .  Lower  Pliocene, 
or  L'pper  .Miocene,  perhaps  bridging  the  gap  between 
these  two  epochs."  A  similar  conclusion  was  reached 
b\-  Chaney,  Condit,  and  .^xelrod  (1944)  on  the  basis 
of  studies  of  fossil  floras  and  vertebrate  remains.  As 
shown  by  Clark  and  .Anderson  (19.^8),  however,  a 
portion  of  fhe  Sierran  andesites  ma_\'  be  as  old  as  middle 
F-ocene  and  no  younger  than  lower  Oligocene.  Thus 
some  care  must  be  exercised  in  the  assignment  of  an 
age  to  andesitic  rocks  in  the  Sierra  for  w  hich  no  direct 
evidence  of  age  is  at  hand. 

The  andesitic  tuff-breccias  arc  bclicxcd  to  have 
been  cmplaccd  as  \olcanic  mudflows  w  hich  formed  in 
c(jnnection  with  volcanic  activity  in  the  higher  parts 
of  the  Sierra  Nevada.   The  associated  volcanic  sedi- 


*  Since  completion  of  tiiis  numuscript,  new  evidence  bearing 
upon  the  age  anJ  correlation  of  the  Mehrten  (?)  Forma- 
tion of  the  Oroville  area   has  accunuilateii. 

Durrell  (1959a)  questioned  the  very  presence  of  ande- 
sitic volcanic  rocks  beneath  the  "older  basalt"  at  South 
Table  Mountain.  He  (p.  209)  concluded  that  "the  basalt 
("older  basalt"  of  this  paper]  of  Oroville  Table  .Mountain 
rests  on  the  lone  formation  and  on  ".\uriferous  gravels", 
and  there  is  no  intervening  andesite  tuff,  tuff-breccia,  or 
mudflow  breccia  that  can  be  correlated  with  any  such 
unit  elsewhere  in  the  Sierra  Nevada." 

l)alr\niple  (1964),  studying  the  section  at  South  Table 
.Mountain  in  connection  with  a  potassium-argon  dating 
project,  found  (p.  14)  "andesite  nuulflow  breccia  that  is 
indistinguishable  from  the  andesite  nuulflow  breccias  of 
the  Mehrten  I'orniation"  beneath  "older  basalt".  Dalrymple 
tiatl>'  rciccts  Durrcll's  conclusion,  (luoted  above,  as  "incor- 
rect". The  present  writer  agrees  with  I)alr\  niplc. 

Dalrvniple  (p.  14)  obtained  a  potassium-argon  date  of 
2>.8  million  \ears  on  plagioclasc  from  a  three-inch  bed  of 
dacite  tuff  Iving  near  the  base  of  the  andesitic  rocks  at 
South  Table  Mountain.  This  indicates  that  at  least  a  part 
of  the  rocks  here  mapped  as  Mehrten  (? )  Formation  are 
of  earl)'  Miocene  age  (.-Xrikareean  in  terms  of  standard 
North  .American  land  mammal  ages).  Dalrv  niplc  (p.  9-11) 
believes  that  the  .Mehrten  Tormation  proper,  farther  south 
in  the  Sierra  Nevada,  ranges  in  age  from  middle  Miocene 
through   late  Pliocene. 
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mciits  pn)l);il)ly  represent  the  iiccuimihuion  of  debris 
reworked  by  fluviatile  action  from  the  nuidflows  as 
the  latter  moved  dow  n  o\cr  the  somcw  hat  rugged,  but 
general!)  west-sloping,  topography  toward  the  site  of 
the  present  Great  \'alley. 

Mudflow  origin  appears  to  have  been  generally  ac- 
cepted for  much,  if  not  all,  of  the  widespread  Ter- 
tiary andesitic  tuff-breccia  lying  in  the  Sierra  Nevada. 
Early  mention  of  such  a  possible  origin  was  made  by 
Turner  (18M6,  pp.  5.U-539).  Turner  compared  the 
Sierran  andesites  to  the  products  of  the  "eruption"  (or 
explosion)  of  Bandi-san  in  Japan  in  1888  and  of  the 
eruption  of  Gunung  Pepandajan  in  Ja\a  in  1772.  He 
noted,  however,  that  in  both  of  the  foreign  examples, 
the  material  ejected  "traveled  but  a  few  miles  and 
down  a  comparatively  steep  grade",  while  the  frag- 
mental  material  of  the  Sierran  andesites  was  trans- 
ported from  the  source  areas  at  the  crest  of  the  range 
"a  distance  of  about  50  miles,  on  a  comparatively  gen- 
tle slope".  I.indgren  (  1911,  pp.  31-32)  also  believed  the 
tuff-breccias  to  have  been  emplaced  as  volcanic  mud- 
flows. 

The  andesitic  rocks  at  Oroville,  w  hile  they  are  of 
rather  limited  exposure,  oflFer  nothing  which  would 
conflict  with  the  assumption  that  they  were  emplaced 
as  volcanic  mudflows.  On  the  other  hand,  there  are 
several  facts  of  their  occurrance  which  appear  to  rule 
out  any  of  the  other  commonly  accepted  modes  of 
origin  of  volcanic  breccias  (cf.  Anderson,  1933,  pp. 
24.5-252).  The  ruff-breccia  of  the  .Mehrten  (?)  consists 
dominantly  of  non-vitric  material,  although  most  of  it 
contains  very  minor  quantities  of  pumice.  Markedly 
vesicular  material  among  the  blocks  and  lapilli  is  ex- 
ceedingly rare;  most  of  the  fragments  are  quite  dense 
and  massive.  Recognizable  volcanic  bombs  do  not  oc- 
cur. The  breccia  as  a  w  hole  is  w  ithout  internal  bed- 
ding, is  markedly  ill-sorted  with  respect  to  size  of 
component  fragments,  and  contains  an  abundance  of 
fine-grained  matrix  material.  The  andesitic  deposits  at 
Oroville  are  at  least  40  miles  from  any  known  eruptive 
centers  from  which  the  debris  might  have  been  origin- 
ally ejected,  and  there  is  no  reason  to  suppose  that  the 
slope  over  which  the  tuff-breccia  was  transported  w as 
ever  steeper  than  1  or  2  degrees,  except  locally.  These 
features,  taken  together,  suggest  that  the  Mehrten  ( ? ) 
tuff-breccia  does  not  owe  its  accumulation  principally 
to  volcanic  processes  involving  violent  explosive  action 
or  the  production  of  avalanches.  Nor  is  it  clear  in  what 
wa\-  such  material  could  have  been  transported  for  the 
long  distances  assumed  without  the  aid  of  water  com- 
bined with  the  finer-grained  material  to  form  a  highly 
mobile,  mud-like  substance.  It  has  been  aptly  pointed 
out  b\-  Curtis  ( 1954,  p.  456)  that  the  "enormous  explo- 
sive action"  called  forth  by  Lindgren  (1897,  p.  3)  to 
explain  the  production  of  the  fragmental  andesites  is 
irreconcilable  w  ith  the  imperceptible  merging  of  tuff- 
breccias  into  intrusive  bodies  of  massive  andesite  de- 
scribed b_\-  Lindgren  in  the  Truckee  area. 


Xo  volcanic  conduits  w  hich  might  have  supplied  the 
andesitic  material  were  found  within  the  Oroville 
quadrangle  b\-  the  present  writer.  Rather,  the  ultimate 
source  of  the  andesite  is  believed  to  have  been  the  vol- 
canic centers  noted  by  Turner  (1894)  and  Lindgren 
(1897,  191 1)  far  to  the  east  of  the  area  under  discus- 
si(m. 

Lentil  1944,  no  ailcciuate  explanation  had  been  ad- 
vanced which  might  account  for  the  initial  brecciation 
of  the  andesitic  material  in  the  Sierra.  Durrell  (1944) 
described  several  breccia  dikes  near  Blairsden,  in  Plu- 
mas County,  from  which  at  least  part  of  the  andesite 
mudflows  in  that  area  appear  to  have  originated.  Dur- 
rell (pp.  267-272)  postulated  the  violent  escape  of  the 
volatile  constituents  from  a  rapidh-  congealing  magma 
to  account  for  the  brecciation  seen  in  the  dikes.  The 
expulsion  of  volatilcs  was  correlated  with  their  increas- 
ing concentration  and  vapor  pressure,  due  mainly  to 
rapid  crystallization  as  the  magma  rose  and  w  as  chilled 
by  contact  with  wet  wall  rocks.  Curtis  (1954)  has 
criticized  Durrell's  thesis.  He  (pp.  461-462)  examined 
extrusive  and  intrusive  andesites  near  the  crest  of  the 
range  in  Alpine  County,  and  concluded  that  "the  great 
mass  of  andesite  in  the  Alehrten  Formation  was  ex- 
truded from  conduits  now  marked  by  domes,  necks, 
and  dikes"  and  found  that  "the  great  bulk  of  the  ig- 
neous rocks  is  fragmental  microvesicular  andesite  that 
gives  no  indication  of  having  been  erupted  with  vio- 
lence". Curtis  (pp.  465-471)  advanced  an  explanation 
for  the  brecciation  which  involves  the  vesiculation. 
increase  in  viscosity,  and  eventual  rupture  of  a  partly 
crystallized  magma  due  principalK"  to  lowering  of 
external  pressures  as  the  magma  rises  through  the  con- 
duit. 

"Older  Basalt" 

Oroville  Table  .Mountain  forms  a  conspicuous  land- 
mark in  central  Butte  County  (Fig.  33).  The  mesa 
owes  its  topographic  form  to  the  presence  of  a  nearly 
flat  lying,  highly  resistant  cap  of  black  dense  basaltic 
lava.  The  name  "older  basalt"  was  adopted  for  this 
rock  by  Turner  (1894,  pp.  490-491),  who  used  the 
term  in  order  to  distinguish  the  lava  from  certain 
younger  basalts  of  different  lithologic  character  crop- 
ping out  in  the  same  general  area.  The  present  writer 
prefers  to  continue  this  nomenclature  since  the  term 
is  well  established  in  geologic  literature  concerning 
the  Sierra. 

The  earliest  description,  of  any  note,  of  the  "older 
basalt"  at  Oroville  Table  .Mountain  was  that  w  ritten  b\' 
Pettee  (1880)  in  conjunction  with  his  studies  of  the 
auriferous  gravels  of  the  Sierra  Nevada.  Brief  discus- 
sions of  the  "older  basalt"  were  presented  bv  Turner 
(1894,  pp.  490-491;  1896).  in  the  later  paper,  he  noted 
(p.  543)  that  although  the  basalt  is  "older  than  the 
hornblende-pyroxene  andesite  [cf.  .Mehrten]  ...  it  is 
quite  certain  that  some  andesitic  eruptions  took  place 
before  the  older  basalt  flows,  since  pebbles  |of  ande- 
site] occur  under  the  Oroville  Table  .Mountain  basalt." 
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Figure   33.      South    slope    of    South    Table    Mountain,    showing    cop    of     "older    basalt"    above    Tertiary    sedimentary    and    volcanic    rocks.    Thompson 
Flat  in  foreground.  View  north. 


Turner  observed  that  at  two  localities,  one  near  South 
Table  .Mountain  and  other  southwest  of  Wicks 
Comer,  "dike-like  masses  of  the  basalt  appeared  to  cut 
the  lone  beds".  The  first  of  these  was  sought  for  but 
not  found  b\'  the  present  writer.  The  second  appears 
to  be  inerel)-  a  large  block  broken  loose  from  a  part 
of  the  flow  and  emplaced  in  its  present  position  largel\ 
with  the  aid  of  gravit\',  either  by  rolling  or  sliding,  or 
both.  The  distribution  of  the  lava  at  Oroxillc  Table 
Mountain  was  shown  by  Lindgren  in  his  reconnais- 
sance map  of  the  area  (1911,  PI.  IS,  p.  86). 

Outcrops  of  the  "older  basalt"  cover  appro.ximately 
12  square  miles  in  the  ()ro\illc  quadrangle.  The  lava  is 
exposed  on  North  and  South  Table  .Nlountains  (Fig. 
34)  as  a  relatively  thin,  undeformed  plate  dipping 
gently  west-southu  est  (l°-2°).  Outcrops  of  the  basalt 
on  the  Campbell  Hills  and  on  the  hills  south  and  west 
of  Wicks  Corner  represent  erosion  remnants  and  were 
apparently  once  connected  to  the  main  body  of  the 
flow  on  Table  .Mountain.  A  small  disconnected  part  of 
the   basalt   underlies   Sugarloaf,   near   Cherokee    (Fig. 


35).  The  "older  basalt"  occurs  at  many  localities  east 
of  the  present  area  (Turner,  1894,  1896,  1897,  1898), 
the  most  distant  of  which  is  the  basalt  at  Red  Clover 
\'allcy  in  Plumas  County  (approximatelv  60  miles  cast- 
northeast  of  Table  .Mountain).  West  of  the  Campbell 
Hills  and  the  hills  near  Wicks,  the  "older  basalt"  is 
not  exposed  at  the  surface,  and  the  flow  passes  beneath 
the  Quaternary  sediments  of  the  Sacramento  \'allc\ . 
The  basalt  encountered  in  many  of  the  gas  wells  and 
dry  holes  drilled  in  the  \'alley  north  of  Sutter  Buttes 
occupies  the  same  stratigraphic  position  as  the  "older 
basalt"  on  Table  .Mountain  (cf.  Cross,  et  al,  19.54),  and 
it  is  almost  certain  that  the  two  are  equivalent.  The 
basalt  beneath  the  Tuscan  Formation  on  Chico  Creek, 
just  beyond  the  northwest  corner  of  the  Oroville 
(juadranglc,  is  identical,  in  hantl  specimens,  to  the  lava 
on  Table  .Mountain  and  is  no  doubt  referable  to  the 
"older  basalt".  It  is  possible  that  the  basalt  flow  (?) 
which  directly  underlies  the  Tehama  Formation  near 
Orland  (.Anderson  and  Russell,  1939.  pp.  236-237)  is 
also  essentially  the  same  age  as  the  "older  basalt",  bur 


Figure  34.  "Older  basalt"  on  west  side  of  North 
Table  Mountain,  near  head  of  Flag  Canyon.  View 
east. 
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it  is  considered  unlikely  that  the  two  units  \sere 
erupted  from  the  same  volcanic  conduit. 

The  "older  basalt"  is  t\pical!\-  a  black,  hard,  micro- 
crystalline  to  extremely  fine-grained,  nuirc  or  less 
eijuigraniilar  oliv  inc  basalt.  In  most  localities  it  is  very 
sparingl_\-  vesicular,  but  vesicles  may  be  locallv  al)un- 
dant  (to  30°o).  The  vesicles  may  be  spheroidal  or 
drawn  out  and  flattened.  Amxgdules  of  calcite  or 
chlorophacite  arc  sporadically  encountered.  In  hand 
specimens,  the  basalt  t\picall\-  appears  nonporph\  ri- 
tic;  usualh-  the  onl\-  primar\-  mineral  distinguishable 
\sith  the  hand  lens  is  feldspar,  present  in  abundance  as 
microlites.  Phen()cr\stic  laths  of  plagioclase,  up  to  3 
or  4  mm  in  length,  are  rarel\-  visible. 

As  seen  in  thin  section,  typical  specimens  of  the 
"older  basalt"  are  slightl\-  porph\  ritic,  with  scattered 
phenocrvsts  of  plagioclase  ( An4:i-.An,;:),  and  some- 
times of  augite,  set  in  a  hypocrystalline  groundmass  of 
variable  character.  In  some  specimens,  the  groundmass 
carries  abundant  microlites  of  plagioclase  and  is  felty 
to  trach\tic,  with  intcrgranular  augite,  olivine,  and 
magnetite  and  some  intersertal  black  or  green  basaltic 
glass.  Where  phenocrysts  of  augite  occur,  a  subophitic 
te.xture  mav  be  developed.  In  other  specimens,  a  base 
of  opaque  black  glass  constitutes  as  much  as  50  percent 
of  the  rock,  and  the  texture  is  then  intersertal  to 
hyaloophitic. 

A  chemical  analysis  of  the  "older  basalt"  from  Oro- 
ville Table  Mountain  was  published  by  Turner  ( 1894, 
p.  491).  It  is  presented  with  the  normative  composi- 
tion in  Table  5. 

Just  beneath  the  "older  basalt"  at  several  localities 
are  15  to  20  feet  of  volcanic  conglomerate.  The  peb- 
bles and  cobbles  are  subangular  to  subrounded  and  are 
loosely  held  in  a  prominent  to  predominant  matrix  of 
buff  to  yellow,  friable,  ill-sorted,  biotitic,  lithic  sand. 
Over  90  percent  of  the  clasts  consist  of  black,  dense 
basalt,  which,  except  for  its  abundance  of  vesicles,  is 
quite  similar  to  the  overlying  "older  basalt".  Up  to  10 
percent  of  the  pebbles  are  of  older  igneous,  sedimen- 
tary, and  metamorphic  rocks,  similar  to  types  found 
in  the  Sierran  bedrock.  The  basaltic  conglomerate  is 
thought  to  represent  fluviatile  deposition  of  detritus 
derived  from  flows  of  the  "older  basalt"  erupted  in 
other  areas  before  the  emplacement  of  the  lava  now 
found  on  Table  Mountain. 

The  upper  part  of  the  "older  basalt"  is  a  massive, 
columnar-jointed  lava.  The  individual  columns  are 
rather  crudely  developed,  and  rarely  are  over  5  or  6 
inches  in  diameter.  The  lower  part  of  the  basalt  is 
seldom  directly  observable  due  to  the  presence  of  a 
thick  accumulation  of  talus  from  the  upper  part.  In 
several  places  where  it  is  not  covered,  however,  such 
as  at  the  Cherokee  mine  (Fig.  21 )  and  on  the  southeast 
corner  of  South  Table  Alountain,  the  lower  part  of 
the  lava  is  seen  to  consist  of  non-columnar  basalt 
w  hich  has  broken  into  angular  blocks  averaging  several 
inches  across.  At  the  Cherokee  mine,  the  lower  half 


of  the  lava  is  a  loose  rubble  of  angular  fragments.  At 
South  Table  Mountain,  the  lower  part  is  also  frag- 
mented, but  the  individual  blocks  have  not  been  dis- 
located and  fit  together  in  jigsaw  fashion,  suggesting 
that  the  brecciation  is  due  to  cooling-shrinkage  rather 
than  to  differential  movement  in  lava  of  var\ing  vis- 
cosity. The  fragmental  phase  of  the  lava  may  be 
present  at  most  other  localities,  but  unless  it  were  un- 
disturbed and  the  individual  blocks  had  not  separated, 
the  blocky  rubl)lc  derived  therefrom  would  be  indis- 
tinguishable from  the  talus  derived  from  the  columnar 
phase.  On  the  north  side  of  South  Table  Mountain,  at 


Figure   35.      "Older  basalt"   overlying   "auriferous   gravels"   at   Sugar- 
loaf,  Cherokee  mine.  View  south. 


Table  5.     Chemical  analysis  and  normative  composition  of  "older 

basalt"  from  Oroville  Table  fAovntain. 

(Turner,  1894,  p.  491;  Washington,  1903,  pp.  320-321) 

Analysis  *  Normative  composition 

Si02 50.66  or  11.7 

AliOa    13.97  ab   27.8 

fecOi    _     2.55  an  17.5 

FeO 10.20  di 14.0 

MgO _ _     4.45  hy 17.9 

CoO -     8.08  mt 3.7 

NaaO 3.32  il 4.6 

K:0 1.95  op 2.2 

H2O+     _ 0.43 

H.O-     0.27 

CO2    none 

Ti02    ...._- . 2.39 

P2O5  _ _ 1.01 

MnO _  0.29 

BaO   0.22 

CI 0.02 

NiO  fr 

SrO  tr 

Li=0    --  tr 

Total 99.81 

'  Anolyst:  W.  F.  Hillebrond. 
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the  head  of  the  main  northwest-flowing  tributary  to 
Schirmcr  Ravine,  the  lowest  parr  of  tlie  "older  basalt" 
is  highly  vesicular  and  exhibits  uell-defined  horizontal 
platy  jointing.  The  base  of  the  lava  is  also  exposed  on 
the  northeast  end  of  the  Campbell  Hills,  where  it  is 
columnar-jointed  like  the  upper  part  of  the  lava  on 
Table  Mountain.  7"he  two  t\pes  of  lava,  columnar 
above  and  nt)n-columnar,  brecciated  below,  nia\-  rep- 
resent two  different  flows  or  may  be  separate  parts 
of  a  single  flow.  Turner  (1S96,  p.  567),  writing  on 
the  "older  basalt"  of  the  Bidw  ell  Bar  quadrangle,  noted 
that  the  "entire  thickness  of  the  basalt"  north  of  the 
south  fork  of  the  Feather  River  is  "not  less  than  500 
feet"  and  found  that  there  is  "a  series  of  benches" 
which  "present  the  appearance  of  successive  flow  s ". 

The  "older  basalt"  on  Table  .Mountain  and  on 
certain  of  the  outl>ing  exposures  exhibits  two  well- 
marked  SNStems  of  vertical  joints  which  meet  at  more 
or  less  right  angles.  These  joints  are  manifested  both 
by  topographic  relief  and  by  differences  in  vegetation. 
The  joints  appear  as  longitudinal  depressed  areas  whicii 
give  wa>-  to  steep-sided,  notch-like  gullies  at  the  edges 
of  the  flow.  Between  the  joints  bare  la\a  is  exposed, 
but  along  the  joints  a  thin  cover  of  scjii  has  developed 
and  grasses  have  taken  root.  The  better  developed 
of  the  two  joint-systems  is  made  up  of  long,  broadl\' 
curving,  convergent  joints  w  hich  trend  approximatel\' 
south  at  the  north  end  of  North  Tabic  Mountain  and 
swing  graduall\-  around  to  the  south-southw  est  farther 
south.  The  second  joint-system  consists  of  short,  con- 
cenrricall)'  arranged  joints  trending  transverse  to  the 
first  joint-s\stem.  The  two  joint-systems  show  up 
well  on  aerial  photographs  of  the  area  (Figs.  24,  36). 
Neither  bears  an\'  consistent  directional  relationship 
to  structures  in  the  adjacent  bedrock  terrane  or  in 
the  underlv  ing  I'crtiary  strata,  it  is  assumed,  there- 
fore, that  the  jointing  is  an  original  structure  devel- 


oped in  the  lava  at  the  time  it  vv  as  emplaced.  It  niav 
be  that  the  joints  owe  their  formation  to  internal 
shear  and  tensional  forces  which  were  set  up  as  the 
result  of  differential  consolidation  in  a  moving  sheet 
of  lava. 

Erosion  of  the  "uKicr  basalt"  invulvcs  principally 
the  processes  of  mass-wasting— rockslide.  rockfall,  and 
slumping— while  stream-erosion  plays  an  important, 
but  indirect,  role.  This  phenomenon  is  best  seen  on  the 
west  and  south  sides  of  North  Table  .Mf)untain  and  on 
all  sides  of  South  Table  Mountain.  At  these  places, 
the  basalt  rests  directly  on  a  relativelv  thick  sequence 
of  barelv  consolidated  Tertiary  sediments.  The  edge 
of  the  basalt  is  a  steep,  in  places  vertical,  cliff,  .^s  the 
soft  understratum  is  removed  by  the  action  of  running 
water  and  of  gravity  (slumping,  etc.),  support  is  re- 
moved from  the  edges  of  the  lava,  which  is  thus 
literallv  undermined.  Because  of  the  jointing  in  the 
basalt,  the  outermost  parts  are,  on  the  w  hole,  not  held 
firmly  to  the  rest  of  the  flow.  Thus,  in  time,  large 
masses  of  blockv  debris  move  away  from  the  edge 
of  the  flow  as  rockslides  or  as  rockfalls.  In  the  case  of 
the  lava  show  ing  columnar  jointing,  such  as  character- 
izes all  of  the  upper  half  of  the  basalt,  individual 
columns  may  cling  together  in  thick  bundles  and  the 
whole  may  separate  and  eventually  topple  to  some 
lower  point,  often  without  disaggregating  to  any  ap- 
preciable degree  (Fig.  21).  Thus  masses  of  columnar 
lava,  as  long  as  50  feet,  have  l)ccn  found  at  distances 
in  excess  of  one-half  mile  from  their  supposed  point 
of  origin.  An  interesting  case  of  slumping  occurs  at 
the  south  edge  of  North  Table  MDUiitain,  just  west 
of  Coon  Hollow.  There,  a  segment  of  the  flow  fulh" 
1 200  feet  long  and  400  w  ide  has  slumped,  with  but 
slight  tilting,  several  hundred  feet  down  the  slope. 
Stream-erosion  plays  a  major  role  in  removing  the 
underlying    sediments    and    the    more    finelv     broken 


Figure  36.  Aerial  photograph  showing  north  port 
oi  North  Toble  Mountoin.  Joint  pattern  is  in  "older 
basalt".  Photo   by  U.S.  Department  of  Agriculture. 
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debris  of  the  rockslidcs  and  ri)cl<f;ills.  Intermittent 
streams,  such  as  IJcarson  I  lollow ,  have  Morn  small 
\allc\  s  across  the  top  of  tlic  basalt  on  Tatilc  Mountain, 
but  tiicir  effect  is  tiiouglit  to  be  relati\el\'  small  \\  lien 
compared  to  the  mass-wasting  at  the  edges  of  tiie  flow. 
Tiic  near-planar  surface  of  the  lava  is  still  plainh' 
distinguishable.  .\t  the  cast  edge  of  North  Table 
Mountain,  bold  cliffs  such  as  those  found  on  the  west 
side  do  not  occur.  .■Xt  most  places.  Sawmill  Ravine 
being  a  notable  exception,  the  soft  Tertiary  strata 
are  thin  or  absent,  and  the  la\  a  rests  esscntiall\'  upon 
bedrock.  The  bedrock  is  ncarl\  as  hard  as  the  lava,  so 
that  differential  erosion  with  attendant  mass-wasting, 
while  it  does  occur  here,  is  of  much  less  relative  im- 
portance than  on  the  \\  est  side. 

The  upper  surface  of  the  "older  basalt"  on  both 
North  and  South  Table  .Mountains  is,  except  for  local 
irregularities,  nearly  planar,  and  dips  slightl\-,  with 
near-uniformity,  tow  ard  the  \\  est-southw  est.  It  is  clear 
that  the  basalt  has  undergone  little  or  no  deformation, 
but  has  be;n  gently  tilted.  As  indicated  above,  erosion 
appears  to  have  proceeded  principally  at  the  edges, 
rather  than  on  the  surface,  of  the  basalt.  Thus  the 
present  surface  is  believed  to  closely  approximate,  in 
broad  aspect,  the  original  surface  of  the  lava,  except 
that  the  surface  area  has  been  greatl\'  reduced.  This 
preservation  is  due  in  part  to  the  highl}'  resistant 
nature  of  the  basalt,  but  it  may  be  that  the  basalt  was 
once  covered  by  later  deposits  which  have  since  been 
stripped  away.  For  example,  it  is  conceivable  that  the 
andesitic  breccias  which  now  mantle  the  basalt  at  many 
localities  to  the  east  (Turner,  1897,  1898)  might  once 
have  extended  much  farther  to  the  west  and  covered 
the  "older  basalt"  on  Table  .Mountain. 

The  "older  basalt"  in  most  of  the  area  rests,  with 
slight  angular  unconformity,  on  several  of  the  older 
Tertiary  formations  previously  described.  On  the  east 
side  of  North  Table  .Mountain  the  lava  overlies  bed- 
rock with  marked  angular  unconformit\-.  The  \oung- 
est  rocks  directly  underlying  the  basalt  are  the  frag- 
mental  andesite  and  volcanic  sediments  of  the  Mehrten 
(?)  Formation.  The  basalt  overlaps  the  andesitic  rocks 
to  the  east  and  north,  and  over  most  of  North  Table 
Mountain  it  rests  on  Eocene  strata.  A  part  of  the 
overlap  might  be  due  to  a  slight  angular  discordance 
between  the  basalt  and  the  .Mehrten  (?),  but  most 
of  it  is  probably  caused  by  the  marked  disconformity 
between  the  Mehrten  (?)  and  the  underlying  Eocene 
strata.  The  thickness  of  the  "older  basalt",  where  it 
has  not  been  affected  by  later  erosion,  is  fairly  uni- 
form. It  is  thickest  on  South  Table  Mountain,  where 
about  250  feet  of  lava  are  exposed.  The  average  thick- 
ness in  other  places  is  175  or  200  feet.  This  overall 
uniformity  of  thickness  show  n  by  the  basalt  indicates 
that  the  flow  was  poured  out  upon  a  rather  even  plain. 

The  "older  basalt"  overlies  Tertiary  fragmcntal  an- 
desite in  the  Oroville  area,  and  is  in  turn  overlain  by 


fragmented  andesite  to  the  east  (Turner,  1894,  pp.  493- 
494).  The  age  of  the  basalt  therefore  lies  somewhere 
within  the  time  of  andesitic  eruption  in  the  Sierra.  The 
latest  evidence  indicates  that  some,  and  perhaps  most, 
of  the  andesites  were  erupted  during  the  late  Miocene 
and  earl\-  Pliocene  (Chaney,  Condit  and  Axclrod, 
1944).  However,  at  least  some  of  the  Sicrran  andesites 
were  emplaced  no  later  than  the  early  Oligocene 
(Clark  and  .\nderson,  19.38).  Thus  if  the  andesitic 
rocks  at  Oroville,  questionably-  referred  to  the  Mehr- 
ten P'ormation,  actuall\'  belong  to  the  later  andesites, 
the  "older  basalt"  ma\'  be  upper  .Miocene  to  lower 
Pliocene.  But  if  the  andesites  at  Oroville  are  of  the 
earlier  period  of  eruption  (cf.  "Reeds  Creek  andesitic 
rocks"  of  (^ark  and  .\nderson),  the  lower  age  limit 
of  the  basalt  must  be  extended  at  least  as  low  as  the 
early  Oligocene.* 

The  writer  was  unable  to  locate  any  vent  within 
the  area  from  which  the  "older  basalt"  might  have 
"been  extruded.  The  present  regional  distribution  of 
the  lava  and  the  variation  in  thickness  from  one  place 
to  another  suggest  that  the  source  ma\-  have  been  to 
the  east.  Turner  (1896,  pp.  614-615)  noted  that  "it 
is  probable  that  the  older  basalt  issued  at  a  number 
of  vents,  but  the  masses  about  Onion  \^alley  Creek 
I  in  Plumas  County,  35  miles  east  and  north  from 
Oroville  Table  .Mountain]  and  the  extensive  sheets  in 
the  Bidwell  area  about  Black  Rock  Creek,  on  the 
Mooreville  ridge,  etc.,  ina\'  perhaps  have  come  from 
a  single  orifice  near  Onion  \'alley". 

New  Era  Formation 

The  Tuscan  Formation  usuall\  rests  on  a  surface  of 
low  relief  which  has  been  developed  on  Eocene  or 
older  rocks.  In  several  places,  however,  the  Tuscan 
is  underlain  by  coarse  fluviatile  sediments  of  post- 
Eocene  age.  These  sediments  contain  debris  derived 
largely  from  typical  bedrock  formations,  and  thus 
form  a  mappable  unit,  readily  distinguished  from  the 
overlying  Tuscan  volcanic  rocks  and  intercalated 
volcanic  sediments. 


*  Subsequent  to  the  completion  of  this  manuscript,  several 
papers  pertinent  to  a  consideration  of  the  age  and  correla- 
tion of  the  "older  basalt"  have  been  pul)lished. 

In  1959  Durrell  (1959,  1959a)  published  the  results  of  an 
extensive  study  of  certain  of  the  basaltic  lava  flows  (pre- 
viously mapped  as  "older  basalt"  by  Turner)  in  the  north- 
ern Sierra  Nevada.  Durrell  assigned  these  flows  to  a  newly 
named  stratigraphic  unit  called  the  "Lovejoy  Formation", 
which  he  believed  to  be  upper  Eocene  or  lower  Oligocene 
(p.  214-216). 

Dalrymple  (1964,  p.  14),  on  the  other  hand,  obtained 
an  absolute  (potassium-argon)  age  of  23.8  million  years 
(lower  Miocene)  on  rocks  below  the  "older  basalt"  (Love- 
joy  Formation)  at  South  Table  .Mountain.  Using  this  de- 
termination and  a  date  (22.2  m.y.)  obtained  from  strata 
above  the  Lovejoy  Formation  near  Blairsden,  California, 
Dalrymple  (p.  15)  concluded  that  the  "older  basalt"  or 
Lovejoy  Formation  is  lower  Miocene   (.\rikarccan). 
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The  term  Nezv  Era  Fonnatiov  is  proposed  for  these 
fluviatilc  deposits.  The  New  Era  mine  (recently  re- 
named "Jack  and  Jim  mine"),  which  lies  near  the 
head  of  Dry  Creek  (sec.  1,  T.  21  N.,  R.  }  E.),  is 
considered  to  be  the  tvpc  iocnlitv.  There  the  con- 
glomerate and  interbedded  finer-grained  sediments 
cover  a  comparatively  large  area  and  are  better  ex- 
posed than  in  an>"  other  part  of  the  quadrangle.  The 
central  part  of  the  section  is  wcll-cxposcd  in  an  old 
hydraulic-face  on  the  New  Era  propertN ,  and  the  re- 
maining portion  above  and  below  ma\'  be  observed 
at  the  portals  of  adjacent  mine  openings. 

In  ;ircal  distribution,  tlic  Xew  Era  Eormation  is 
comparatively  unimportant  and  crops  out  only  on  the 
walls  and  floors  of  steep  can\ons,  where  the  base  of 
the  overlving  Tuscan  Eormation  has  been  exposed  by 
erosion.  Undoubtedly  however,  much  of  the  Tuscan 
in  the  northwest  quarter  of  the  area  is  underlain  by 
strata  equivalent  to  the  New  Era.  The  most  important 
outcrops  of  the  formation  are  in  the  upper  part  of 
Dry  Creek.  .-X  someu  hat  larger  area  is  prohabK-  imder- 
lain  by  the  New  Era  along  Ruttc  and  Little  Butte 
Creeks,  but  outcrops  there  are  quite  scarce,  and  the 
contacts  with  the  underlying  and  overlying  forma- 
tions ma\'  be  mapped  onl\'  within  rather  broad  limits 
of  error.  The  formation  is  also  exposed  in  small  areas 
on  the  east  edge  of  Jordan  Hill,  on  the  west  side  of 
Gold  Elat,  and  at  several  points  just  west  of  the  West 
Branch  from  Cape  Horn  to  the  north  edge  of  the  area. 

North  of  the  Oroville  quadrangle  several  stream 
channels  and  the  sediments  contained  therein  have 
been  preserved  beneath  the  Tuscan  beds.  These  have 
become  know  n  mainly  through  the  many  gold-placer 
mines  w  hich  have  been  opened  into  them.  One  of  the 
best  known  examples  is  the  Magalia  Channel  and  its 
tributaries  which  Lindgren  (1911,  pp.  90-93;  pi.  14, 
p.  84)  described.  Lindgren  traced  this  channel  for 
about  18  miles  from  Centerville,  on  Big  Butte  Creek, 
north-northeast  to  a  point  east  of  Banniin  I  lill.  The 
sediments  themselves  were  bricflv  described  b_\  Lind- 
gren. but  their  relationships  to  the  adjacent  rocks 
stronglv  suggest  that  they  are  correlative  with  the 
New  Era  Eormation. 

Coarse  pebble-  and  cobble-conglomerate  is  the  most 
characteristic  rock  of  the  New  Era.  Its  dominant  color 
is  light  reddish-brown,  the  color  of  the  matrix,  set 
against  which  are  dark  blues  and  greens  of  the  con- 
tained clasts.  Bedding  is  rather  ill-defined,  and  is  usu- 
ally obvious  only  where  finer-grained  sediments  are 
interbedded  w  ith  the  conglomerate.  The  conglomerate 
is  generally  rather  ill-sorted  in  respect  to  both  size  and 
composition  of  clasts  present.  The  pebbles  and  cobbles 
are  dominantlv  subangular,  a  lesser  amount  are  sub- 
rounded,  and  a  few  are  angular  or  rounded.  Over  a 
quarter  of  the  pebbles  have  a  flattened,  discoidal  shape. 
The  cobbles,  on  the  average,  are  less  than  }  inches 
across,  but  cobbles  of  5  or  6  inches  are  very  common. 
Almost  all  of  the  pebbles  and  cobbles  are  composed  of 


metamorphic  rocks  derived  from  the  "Bedrock  series". 
The  most  characteristic  type  is  a  bluish-gray,  fine- 
grained amphibolite.  similar  to  rocks  of  the  same  tvpe 
w  hich  occur  in  place  east  and  north  of  Jordan  Hill,  in 
tiic  northeastern  part  of  the  area.  The  amphibolite 
alone  accounts  for  about  a  quarter  of  the  clasts  at  the 
type  locality,  and  is  verv  abundant  at  all  other  locali- 
ties where  the  formation  is  recognized.  Slate  and  slat\- 
cherr,  typical  of  tiic  Cala\eras  Eormation,  are  nearly 
as  common,  while  massive  chert  of  varying  color  and 
strongly  weathered  serpentine  occur  in  somewhat 
lesser  amounts.  Other  rocks  typically  represented  in 
minor  quantities  are  white  quartz,  quartzite,  weathered 
clilorite  schist,  altered  dense  basic  volcanic  rocks,  and 
meta-gabbro.  A  few  pebbles  of  diorite  and  quartz  dio- 
rite  are  present  in  most  outcrops.  Subangular  cobbles 
derived  from  the  "older  basalt"  are  rare  at  most  locali- 
ties, but  their  presence  is  significant  in  the  dating  of 
the  New  Era  sediments.  However,  at  the  old  Welch 
hydraulic  mine,  about  a  mile  north-northeast  of  Pentz, 
5  feet  of  coarse  pebble-  to  cobble-conglomerate  di- 
rectl\'  undcrlv  ing  the  basal  Tuscan  beds  and  probably 
belonging  to  the  New  Era  Eormation  contain  abundant 
fragments  of  the  "older  basalt".  No  other  recognizable 
Tertiar\-  volcanic  rocks  were  found  as  clasts  in  the 
conglomerate.  The  matrix  of  the  conglomerate  con- 
sists of  reddish-buff,  uncemcnted,  friable,  medium-  to 
coarse-grained  sand.  Where  the  conglomerate  rests  on 
bedrock  and  the  contact  may  be  observed  directly, 
the  lower  few  feet  are  seen  to  consist  dominantlv  of 
coarse,  angular  rubble  derived  from  the  immediately 
underlving  formation. 

The  sandstone  and  siltstone  interbedded  with  the 
conglomerate  constitute  but  a  minor  part  of  the  for- 
mation. Ehcv  occur  in  beds  rarciv  over  a  few  feet  in 
thickness.  The  sandstone  is  the  same  as  that  which 
serves  as  a  matrix  for  the  conglomerate.  It  is  reddish- 
tan,  massi\e,  uncemented  and  friable.  It  is  dominantl\' 
medium-  to  coarse-grained,  but  grades  locallv  into 
\ery  coarse-grained  tvpes.  Sorting  with  respect  to  size 
is  moderate,  and  only  a  minor  percentage  of  admixed 
silt  is  present.  The  grains  are  subangular  to  angular 
and  consist  chiefl\'  of  quarrz;  feldspar,  biotite,  and 
dark  dense  lithic  fragments  are  present  in  lesser 
amounts.  The  siltstone  is  red,  massive,  and  firm,  and 
contains  a  notable  percentage  of  sand.  Elakes  of  w  eath- 
cred  biotite  and  small  chips  of  yellowish-white  plastic 
chiystone  are  locally  abundant. 

The  New  Era  is  everywhere  overlain  b\'  the  Tuscan 
Eormation.  If  parts  of  the  New  Era  ever  existed  which 
w  ere  not  protected  by  Tuscan  strata,  they  ha\  e  since 
been  eroded  away.  At  the  t\pe  locality  of  the  New 
Era,  the  contact  is  conformable,  and  the  topmost  sedi- 
ments of  the  New  Era  grade  upward  into  the  basal 
volcanic  sandstone  of  the  Tuscan.  Apparentl\  the  ear- 
liest Tuscan  sediments  w  ere  added  to  the  already  over- 
loaded New  Era  streams  and  the  sediments  of  the  two 
were  deposited  together.  The  New    I~ra  drainage  was 


1965 


Oromi.m-  Qu adranglf.—Crffi.y 


63 


disrupted  ;iiui  soon  volcanic  (Tuscan)  debris  was  de- 
posited in  ovcrulielniing  quantities.  The  gradational 
relationship  between  the  New  Fra  and  Tuscan  docs 
not  exist  o\er  tiic  entire  area  where  the  two  are  in 
contact,  however.  .\t  the  old  Welch  hydraulic  mine, 
for  example,  the  contact  betw  een  the  two  is  conform- 
able though  quite  sharp.  Near  Parish  Camp,  about  one- 
half  mile  northeast  of  the  \^'clch  mine,  several  thin 
conglomerate  beds  containing  abundant  fragments  of 
the  "older  basalt"  are  interbedded  with  volcanic  sedi- 
ments in  the  lower  part  of  the  Tuscan.  The  Tuscan 
there  clearl>-  abuts  against  a  gently  southwest-sloping 
bedrock  surface  (Fig.  ?7).  These  conglomerates  may 
represent  a  sporadic  renewal  of  sedimentation  of  the 
New  Era  type  at  a  time  when  the  bulk  of  the  detritus 
entering  the  area  (either  as  fluviatilc  sediments  or 
volcanic  mudflows)  had  come  from  t_\pical  Tuscan 
sources. 
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Figure  37.  Diagrammatic  section  showing  relationship  of  Tuscan 
strata  to  conglomerate  beds  containing  fragments  of  "older  basalt" 
near  Welch  hydraulic  mine  and  Porish  Camp.  (Ti=lone;  Tt  =  Tuscan; 
eg  =  conglomerate    with    frogments   of   "older    basalt".) 

In  the  eastern  part  of  the  area,  the  New  Era  Forma- 
tion is  underlain  with  profound  unconformit\-  b\'  the 
"Bedrock  series".  Along  Dry  Creek  it  is  underlain  in 
part  by  bedrock,  but  at  the  south  end  of  the  outcrop 
area  the  New  Era  abuts,  w  ith  disconformity,  against 
the  lone  strata.  On  Butte  and  Little  Butte  Creeks, 
exposures  of  both  the  New  Era  and  the  underlying 
Chico  sediments  are  so  poor  that  the  stratigraphic  rela- 
tionship between  the  two  cannot  be  discerned.  It  is 
probable,  however,  that  the  two  are  separated  by 
a  slight  unconformity.  North  and  west  of  the  mapped 
area,  the  Chico  strata  are  known  to  be  overlain  uncon- 
formably  by  the  Tuscan,  and  since  the  New  Era  is 
in  comformable  and,  in  part,  gradational  relationship 
with  the  Tuscan,  it  follows  that  the  New  Era  as  well 
might  be  expected  to  overlie  the  Chico  unconform- 
ably. 

Because  most  of  the  New  Era  Formation  occupies 
stream  channels,  its  thickness  usually  varies  rapidl\- 
along  strike.  The  thickest  section  was  observed  along 
the  west  side  of,  and  below,  the  thin  cap  of  Tuscan 
strata    which    occupies    the    western    part    of    Gold 


i-lat.  Here,  the  New  Fra  Formation  is  about  100  feet 
thick,  and  extends  for  approximately  3000  feet  along 
strike.  .\t  the  type  locality,  the  New  Era  mine,  the 
formation  reaches  a  maximum  thickness  of  90  feet, 
tjradualK  thinning  out  both  to  the  north  and  south. 
The  strata  there  appear  to  lie  in  a  broad,  shallow, 
southwest-trending  channel,  whose  width  is  approxi- 
matel\-  6000  or  7000  feet.  The  thickness  of  the  New 
Era  on  Butte  and  Little  Butte  Creeks  is  estimated  to  be 
around  60  feet,  and  does  not  appear  to  vary  markedly 
w  ithin  the  mapped  area. 

The  New  Era  Formation  is  believed  to  represent 
fiuviatile  deposition  upon  a  fioodplain  and  in  upland 
stream  channels.  In  the  eastern  part  of  the  area  out- 
crops of  the  New  Era  continue  for  comparatively 
short  distances  along  strike,  and  appear  to  have  filled 
short  segments  of  channels  w  hich  were  cut  in  the  un- 
derlying bedrock  and  were  subsequently  blanketed  by 
the  Tuscan  volcanic  deposits.  The  overall  coarse  na- 
ture of  the  New  Era  sediments  and  the  fact  that  they 
appear  to  have  filled  channel-like  depressions  suggest 
that  the\'  represent  fiuviatile  deposits.  To  the  west, 
along  Dry  Creek,  the  sediments  occupy  a  channel 
much  broader  and  relativel\-  more  shallow  than  an\' 
found  in  the  area  to  the  northeast.  Farther  west,  on 
Butte  and  Little  Butte  Creeks  the  formation  does  not 
appear  to  have  filled  an\-  definite  channel  and  shows 
no  marked  variation  in  thickness  throughout  that  part 
of  the  area.  There,  the  formation  was  apparently  laid 
down  on  a  broad  fioodplain  to  which  sediments  w  ere 
furnished  by  streams  flowing  in  the  channels  to  the 
north  and  east.  These  deposits  are  probably  continu- 
ous with  those  described  b\'  Lindgren  (1911,  p.  91) 
at  Centerville,  on  Big  Butte  Creek,  about  3  miles  north 
of  the  north  edge  of  the  area.  Lindgren  believed  that 
these  accumulated  at  the  lower  end  of  the  Alagalia 
channel,  apparentl\  in  a  broadened  channel  or  upon 
a  fioodplain. 

The  composition  of  the  pebbles  and  cobbles  present 
in  the  conglomerate  indicates  a  provenance  largely  of 
bedrock  metasedinientary  and  metaigneous  rocks  not 
unlike  the  rocks  that  are  at  present  exposed  in  the 
higher  parts  of  the  area.  Flows  of  the  "older  basalt", 
probably  continuous  with  that  which  caps  OrDville 
Table  .Mountain,  were  present  in  the  source  area,  and 
these  were  at  least  in  part  eroded  and  contributed  a 
minor  amount  of  sediment  to  the  New  Era  channels. 
.Many  of  the  quartz  pebbles  found  in  the  conglomerate 
were  probabl\-  deri\ed  largel\'  from  Eocene  quartzose 
sediments  which  presumably  cropped  out  in  part  of 
the  source  area.  Mechanical,  rather  than  the  chemical, 
weathering  appears  to  have  dominated  in  the  upland 
regit)n  which  furnished  detritus  to  the  New  Era 
streams.  The  strongly  weathered  serpentine  pebbles 
may  have  been  derived  from  an  area  where  the  pro- 
ducts of  deep  chemical  decay  of  the  pre-Ione  period 
had  been,  until  that  time,  preserved  beneath  a  cover  of 
Eocene  sediments  and  "older  basalt". 
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Movement  and  deposition  of  coarse  debris  in  the 
stream  channels  and  upon  the  floodplain  were  brought 
to  a  halt  bv  tlic  invasion  in  late  Pliocene  (Tuscan) 
time  of  overwheiniing  i)uantities  of  volcanic  mudflow 
material  and  closely  related  volcanic  sand  and  gravel. 
The  extent  to  which  the  disrupted  streams  furnished 
detritus  to  be  mixed  with  the  Tuscan  sediments  is  not 
known,  but  apparcntls  the  quantit\-  was  ncgligil)lc. 
since  non-volcanic  pebbles  and  cobbles  are  relatively 
scarce  in  the  Tuscan. 

No  fossils  were  found  in  the  New  F.ra  Formation 
bv  the  writer,  so  that  the  determination  of  its  age  is 
based  upon  stratigraphic  relationships  and  upon  the 
lithologv  of  the  New  Fra  sediments.  The  youngest 
formation  overlain  by  the  New  F.ra  is  the  lone  (mid- 
dle Eocene).  It  is  evident,  however,  that  the  New  F.ra 
occupied  a  broad  erosional  channel  cut  in  part  into 
the  lone,  suggesting  that  a  considerable  time  gap 
existed  between  the  periods  of  deposition  of  the  two 
formations.  This  inference  is  strengthened  by  the  fact 
that  the  two  units,  respectively,  represent  deposition 
in  markedly  contrasted  environments.  However,  the 
most  important  line  of  evidence  in  establishing  the  age 
of  the  New  Era  is  the  presence  in  that  formation  of 
fragments  of  the  "older  basalt",  showing  that  the  New 
Era  definitely  post-dates  the  "older  basalt".  The  "older 
basalt"  is  thought  to  be  at  least  as  young  as  early 
Pliocene,  so  that  the  New  Era  is  probabl\-  no  older 
than  early  Pliocene,  and  ma\  well  be  middle  or  late 
Pliocene  *. 

The  New  Era  is  overlain  b\  the  Tuscan  Formation 
(upper  Pliocene)  and  is,  therefore,  clearly  older  than 
the  Tuscan.  As  noted  above,  the  contact  between  the 
two  is  gradational  in  at  least  one  locality,  and  at 
others  sediments,  identical  w  irh  those  of  the  New  Fra, 
are  interbedded  with  normal  Tuscan  strata  in  tlie 
lower  part  of  the  Tuscan  section.  These  relationships 
strongI\-  suggest  that  the  age  of  the  New  Era  does  not 
differ  markedly  from  that  of  the  Tuscan  and  thus 
ma_v  be  entirely  or  in  part  late  Pliocene. 

Unnamed  Rhyolitic  Pumice  Tuff 

Several  miles  east  of  Oroville,  light-colored  rhyolitic 
tuff  and  pumice-lapilli  tuff  are  exposed  in  roadcuts 
along  the  Oroville-Forbestow  n  highwav.  These  rocks 
are  nearl>-  flat-l>ing  and  clearl\'  belong  to  the  "Super- 
jacent series",  but  their  age  is  known  onl\-  within 
rather  broad  limits.  They  may  be  in  part  equiva- 
lent to  the  "tuffs  of  Oroville"  described  by  l.ind- 
gren  (1911,  pp.  26-27,  90).  However,  this  term 
seems  inadequate  for  several  reasons.  First,  Lindgren's 
definition  of  the  "tuffs  of  Oroville"  was  rather  vague, 
and  it  appears  that  I.iiuigren  may  iia\e  also  included 
certain  parts  of  the  andcsiric  rocks  questionably  re- 


Sincc  the  preparation  of  this  manuscript,  the  "older  hasalt" 
has  been  shown  to  be  probably  lower  .Miocene  so  that 
the  lower  age  limit  of  the  New  Era  must  be  extcndcil 
to   .Miocene. 


ferred  to  the  Mchrtcn  Formation  by  the  present 
writer.  Second,  the  term  has  little  regional  strati- 
graphic  significance  and  docs  nor  appear  to  have  been 
;uioptcd  to  an\  appreciable  extent  by  other  writers  on 
Sierran  geology.  Finall\',  the  name  "Oroville"  was  pre- 
occupied as  a  stratigraphic  term  prior  to  its  use  by 
lindgren;  the  name  "Oroville  beds"  was  used  for  the 
iMontc  dc  Oro  Formation  by  Fontaine  (1900,  p.  H2). 
No  formntional  name  is  proposed  b\'  the  present 
writer  for  these  rocks,  principall\'  because  of  the  un- 
certaintx'  regarding  their  exact  stratigraphic  position 
and  because  the\  are  of  such  limited  areal  distribution 
\\  ithin  tlic  quniiranglc.  It  is  possible  that  the  exposures 
in  the  Oroville  region  do  not  represent  the  maximum 
development  of  this  unit  in  tlie  Sierra  Nevada,  and 
that  there  exist  localities  better  suited  to  the  stud\-  and 
naming  of  these  rocks. 

Regarding  the  "tuffs  of  Oroville",  Lindgren   (1911, 
pp.  26-27)  stated: 

.Monp  the  foothills  I  of  the  Sierra]  from  Bear  River  to 
Feather  River  a  scries  of  lipht-colorcd  tuffaceous  rocks  are 
exposed  in  places,  although  the  formation  is  generally  cov- 
ered by  later  Quaternary  gravels  or  by  the  red  soil  of  the 
valley  .  .  .  near  Oroville  they  are  extensively  developed 
and  form  the  low  flat-topped  hills  which  flank  the  river  on 
the  south  side  for  a  distance  of  8  miles  below  Oroville. 
.  .  .  The  tuff  extends  under  the  present  alluvium  of  the 
Feather  River  and  forms  the  bedrock  of  the  area  now 
worked  so  extensively  by  dredging.  It  is  a  compact  light 
brown  material,  containing  in  places  pebbles  of  nietamor- 
phic  rocks  and  also  small  white  fragments  of  pumice  which 
are  found  to  consist  of  volcanic  glass;  locally  these  frag- 
ments are  very  small  and  the  tuff  looks  more  like  a  com- 
pact clay.  Bore  holes  80  feet  deep  have  been  sunk  in  it  in 
the  flood  plain  below  Oroville  without  finding  different 
material.  On  the  road  to  Wyandotte  from  Oroville  similar 
material  outcrops  in  the  low  foothills  underneath  the  Quat- 
ernary gravel  up  to  elevations  of  about  400  feet.  .  .  .  The 
bedrock  relations  at  Oroville  indicate  that  this  series  was 
deposited  on  the  even  slope  of  the  older  (Neocene)  forma- 
tions, before  the  modern  canyon  of  the  Feather  River  had 
been  excavated  but  after  the  earlier  lone  formation  had 
been  greatly  eroded. 

1  he  onl\-  tuff  known  by  the  writer  to  be  exposed  in 
the  banks  of  the  Feather  River  below  Oroville  is  that 
just  east  of  Thcrmalito.  This  is  clearly  andesitic  in 
composition  and  was  mapped  as  .\Iehrten  (?).  It  is, 
however,  lighter  in  color  and  finer-grained  than 
most  of  the  other  .Mehrten  (?)  andesitic  rocks  ex- 
posed in  the  area.  Thus,  from  Lindgren's  statement 
regarding  the  "tuffs  of  Oroville"  at  the  Oroville 
dredging  ground,  it  would  appear  that  he  included 
some  of  the  .Mclirtcn  (?)  andesitic  material,  as  well  as 
the  rhsolitic  pumice  tuff'  described  here,  in  his  defini- 
tion of  the  "tuffs  of  Oroville". 

The  principal  rock  t\pe  composing  this  unit  is  vitric 
tulf,  often  intcrstratified  with  which  are  thin  layers 
containing  abumiant  lapilli  i>f  white  pumice.  The  tuff 
is  characteristicall\  light-colored.  .Mo.st  of  it  is  white, 
light  gray  or  pale  butt,  though  certain  beds  are  locally 
discolored  by  an  orange-brown  ferruginous  stain. 
Much  of  the  formation  is  thin-bedded  anil  some  indi- 
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Figure  38.  Rhyolitic  pumice  tuff.  Left,  Glass  shards  from  vitric  tuff.  Outcrops  on  Oroville-Forbestown  rood.  X  100.  Center, 
Pumice  fragment  from  pumice  lopilli  tuff.  Out;rops  on  Oroville-Forbestown  road.  X  175  Right,  Fibrous  pumice  from  pumice 
sandstone(?).    Outcrops    between    Oroville    and    Sycamore    Hill.    X   60. 


\  idu.il  units  exhibit  excellent  cross-bedding.  The  tuff  is 
usuall\-  \\ ell-soited,  and  shows  all  gradations  from  silt- 
and  sand-sized  tuff  to  lapilli  tuff.  The  finest-grained 
types  are  usually  well-consolidated  and  "chalky",  and 
consist  almost  entire!\-  of  angular  glass  shards.  Under 
the  binocular  microscope,  the  shards  are  seen  to  be 
delicately  shaped,  and  consist  of  connected,  thin,  curv- 
ing septa  of  clear  glass  (Fig.  38a).  The  coarser-grained 
tuff  and  lapilli  tuff  are  extremely  friable  and  crumble 
rcadih"  under  slight  pressure.  They  consist  principalK 
of  volcanic  glass  in  the  form  of  white,  unaltered  pum- 
ice. The  sand-sized  particles  and  lapilli  are  mostly 
angular  to  subangular,  and  some  are  subrounded,  pre- 
sumably reflecting  the  aqueous  transport  to  \\hich  the 
original  ash  was  slightl\-  subjected.  Lapilli,  which 
measure  up  to  4  centimeters,  are  generally  concen- 
trated along  certain  beds,  but  most  of  the  tuff  contains 
scattered  lapilli.  Accompanying  the  pumiceous  material 
in  the  coarser-grained  tuff  and  lapilli  tuff  are  small 
angular  fragments  of  euhedral  crystals  of  quartz,  glass\" 
feldspar  (sanidinc),  hornblende  and  hypersthene,  with 
a  few  chips  of  dark,  dense,  volcanic  ( .' )  rock. 

Under  the  microscope,  the  tuff  is  seen  to  consist 
almost  w  holly  of  clear  to  slighth'  altered  volcanic  glass, 
present  either  as  angular  shards  or  as  slightly  rounded 
grains  of  pumice.  .Much  of  the  pumice  has  a  distinctl\' 
fibrous  appearance,  but  in  some,  the  vesicles  are  sphe- 
roidal (Fig.  38b).  The  glass  most  commonly  is  color- 
less; less  commonly  it  is  tinted  pale  green  or  \ellow. 
Angular  crystal  fragments,  the  size  of  fine  sand  or  silt 
grains,  occur  sparingly.  Most  of  them  are  feldspar— 
oligoclase-andesine  and  possibly  sanidine— but  a  few 
grains  of  epidote,  clinozoisite,  and  certain  ferromagne- 
sian  minerals  are  present  as  well.  The  refractive  index 
of  the  glass,  determined  by  oil-immersion  methods, 
varies  from  1.505  to  1.511  ±  .003,  indicating  silica  per- 
centages ranging  from  about  67  to  69  (George,  1924. 
pp.  364-365),  and  a  rh\ odacitic  composition.  A  heavy 


mineral  concentrate  from  the  tuff  exposed  on  the 
Forbestow  n  road  consists  largel\'  of  blue-green  to  olive- 
green  hornblendes,  lesser  amounts  of  hypersthene,  epi- 
dote, clinozoisite,  and  magnetite,  and  a  few  grains  of 
zircon,  actinolite,  oxyhornblende,  and  augite. 

A  few  outcrops  of  the  tuff  are  along  former  U.S. 
highwa\-  40  (alternate)  at  the  north  end  of  the  same 
hill  in  which  the  main  exposures  are  seen  on  the  Oro- 
\ille-Forbesto\\ n  highway.  At  the  most,  onl\-  a  few- 
feet  are  exposed,  and  the  base  of  the  unit  is  not  seen, 
due  largel\-  to  a  cover  of  Quaternary  sediments.  No 
andesitic  material  is  in  evidence  in  the  immediate  vicin- 
ity, but  it  ma\-  underlie  the  tuff  here  as  it  does  to  the 
south.  Three-quarters  of  a  mile  southwest  of  S\ca- 
more  Hill  is  a  low  bedrock  knob  capped  by  20  or  25 
feet  of  what  appears  to  be  normal  buff  thin-bedded 
firml\  consolidated  sandstone.  Under  the  hand  lens, 
however,  this  rock  is  seen  to  consist  entirel\-  of  me- 
dium- to  coarse-grained  sand-sized  angular  fragments 
of  tan,  "wood)'"  pumice  (Fig.  38c).  The  refractive 
index  of  the  fresh  glass  is  1.500  ±  .003,  indicating  a 
rhyolitic  composition.  This  occurrence  probably  rep- 
resents an  isolated  outcrop  of  the  rhyolitic  pumice-tuff 
described  above. 

Because  the\'  appear  to  be  the  products  of  explosive 
volcanism,  it  is  believed  that  these  deposits  covered 
a  much  w  ider  area  immediatel)'  following  their  em- 
placement. The  limited  areal  distribution  shown  by 
these  rocks  toda\-  is  due  largely  to  later  erosion  and 
to  masking  b>"  later  deposits. 

The  rhyolitic  tuff  seen  on  the  Forbestown  Road 
rests  on  andesitic  mudflows  of  the  .Mehrten  (?)  For- 
mation. No  marked  angular  discordance  exists  between 
the  tw  o  units,  and  the  contact,  which  w  as  not  directly 
observed  by  the  writer,  may  be  an  erosional  discon- 
formitx .  This  suggestion  finds  questionable  support 
in  the  fact  that  the  .Mehrten  (?)  strata  on  South  Table 
.Mountain  and  on  .Monte  de  Oro  lie  approximatel\-  500 
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feet  above  the  general  level  of  the  rh\olitic  deposits 
east  of  Orovillc.  It  is  thus  possible  that  the  rhvolitic 
material  infilled  a  broad  channel  v\  hich  had  been  pre- 
viously excavated  into  the  Mehrten  (?)  rocks.  An 
alternative  possibilit>-  is  that  the  rhvolitic  tuff  is  inter- 
bedded  with  the  .Mehrten  and  that  an\-  overlying 
andesitic  material,  more  or  less  equivalent  to  the 
stratigraphicallv  higher  andesites  now  found  on  Table 
Mountain,  \\  as  eroded  a\va\-  prior  to  the  deposition  of 
the  Red  Bluff  Forniarion.  The  rhsolitic  tuff  is  over- 
lain disconforniabl\  b>  the  fluviatile  deposits  of  the 
Red  Bluff  Formation.  The  15  feet  of  tuff  exposed  east 
of  Oroville  is  cut  out  coniplctch"  within  a  few  hun- 
dred feet  to  the  west,  where  the  Red  Bluff  rests  di- 
rectly on  the  .Mehrten  (?)  andesitic  rocks. 

The  tuffs  are  the  product  of  explosive  volcanic  ac- 
tivity. The  original  p\  roclastic  materials  appear  to 
have  been  subjected  to  a  small  amount  of  aqueous 
transport,  as  evidenced  b>'  prominent  cross-bedding 
seen  in  certain  strata  and  by  the  slight  rounding  shown 
by  the  larger  fragments.  The  present  deposits,  with 
their  minor  sedimentary  aspects,  ma\'  represent  mate- 
rial eroded  and  slightl>'  reworked  b\'  running  water 
from  original  subaerial  pyroclastic  accumulations,  vol- 
canic ash  w  hich  settled  from  the  air  directl\'  into  a 
lake  or  river  system,  or  perhaps  a  combination  of 
both.  An  estimation  as  to  the  actual  geographic  loca- 
tion of  the  volcanoes  whence  the  pyroclastic  material 
was  erupted  is  not  possible  in  the  light  of  the  meager 
data  at  hand.  The  present  writer  is  of  the  opinion 
that  the  source  area  lav  somewhere  to  the  east,  but 
this  is  little  more  than  a  guess.  Lindgren  (1911,  p.  90), 
pointed  out  the  likelihood  "that  ash  showers  from  the 
neighboring  volcano  of  the  .Mar\svillc  Rurres"  con- 
tributed to  the  formation  of  the  "tuffs  of  Oroville". 
However,  as  pointed  out  by  Clark  and  Anderson 
(1938,  p.  940),  "Williams,  in  his  study  of  the  .Marys- 
ville  [Sutter]  Buttes  [1929,  pp.  109,  139]  has  shown 
that  the  acid  rocks  of  the  .Mar\s\ille  Buttes  are  in- 
trusive and  did  not  contribute  juvenile  p\roclastic 
material  to  the  neighboring  basin  of  deposition."  It  is 
probable  that  a  regional  srud\-  of  the  tuff  from  Oro- 
\ille  south  to  Bear  River,  with  particular  attention 
paid  to  variation  in  average  size  of  fragments  and  to 
thickness  from  section  to  section,  would  shed  consid- 
erable light  both  upon  the  direction,  and  perhaps  loca- 
tion, of  the  source  area  and  upon  the  exact  strati- 
graphic  position  and  age  of  this  unit. 

Little  direct  evidence  bearing  on  the  age  or  on  the 
definite  correlation  of  these  deposits  with  Tertiars' 
volcanic  rocks  of  similar  character  in  Northern  Cali- 
fornia is  at  hand.  The  fact  that  here  rhyolitic  tuff 
overlies  andesitic  mudflows  at  once  raises  a  problem, 
for  exactly-  the  reverse  sequence  is  generall\  the  case 
throughout  the  northern  Sierra  Nevada.  How  ever,  the 
uncertaint\-  regarding  the  age  of  the  andesite  near 
()ro\illc  has  alreatly  been  pointed  our.  If  the  andesitic 


material  is  as  old  as,  or  older  than,  lower  Oligocene 
(cf.  "Reeds  Creek  andesitic  rocks"  of  Clark  and  .An- 
derson, 1938),  the  rh\olitic  tuff  under  discussion  ma>' 
well  correspond  to  the  rhyolitic  tuffs  (cf.  Valley 
Springs)  found  in  other  parts  of  the  Sierra  Nevada. 
Its  age,  then,  would  be  .Miocene  (r).  If,  on  the  other 
hand,  the  andesite  at  Oroville  is  correlative  with  the 
\-ounger  Sierran  andesites  (.Mehrten  Formation  of 
some  areas),  the  rh\i)liric  tuff  here  can  hardly  be 
equivalent  to  prc-.Mehrtcn  rhyolitic  deposits.  Further- 
more, if  the  rhvolitic  tuff  here  is  actually  correlative 
with  the  other  Sierran  rh\olitic  rocks,  it  is  curious  in- 
deed that  Lindgren  (1911,  pp.  26-27,  90),  familiar  as  he 
must  have  been  with  other  Sierran  rh>()lites  in  gen- 
eral, apparentlv  saw  little  in  the  rocks  at  Oroville  to 
convince  him  that  such  a  correlation  might  exist. 

The  fact  that  at  least  a  limited  amount  of  rhyolitic 
\olcanic  activity'  followed  the  eruption  of  the  .Mehrten 
andesitic  rocks  in  the  Northern  Sierra  Nevada  has 
been  shown  by  Curtis  (1951,  pp.  181-186),  w^ho  de- 
scribed several  rhyolite  necks  which  clearl\-  intrude 
the  .Mehrten  deposits  near  the  summit  of  the  range 
in  .\lpine  Count\'.  As  yet,  no  such  intrusive  bodies 
have  been  discovered  farther  to  the  north.  How  ever, 
most  of  the  geologic  work  done  in  higher  parts  of  the 
northernmost  Sierra  has  been  more  or  less  of  a  recon- 
naissance nature  (cf.  Diller,  1908;  Turner,  1897,  1898), 
and  it  is  possible  that  rhyolitic  conduits,  similar  to 
those  found  in  .-Mpine  County,  do  exist  in  this  part  of 
the  Sierra  and  that  from  such  conduits  the  rh\-olite 
pumice  tuff  under  discussion  was  ejected. 

The  present  writer  believes  that  the  tuff  is  prob- 
ably closely  related  in  age,  if  not  in  source,  to  the 
Nomlaki  Tuff  .Member  of  the  Tuscan  Formation,  for 
the  two  are  of  similar  appearance,  and  both  contain 
hornblende  and  hypersthene  as  principal  accessor)' 
minerals.  Furthermore,  there  is  some  o\erlap  of  the 
range  of  refractive  index  of  the  glass  found  in  the 
Nomlaki  (Anderson  and  Russell,  pp.  246-247)  and  of 
the  glass  making  up  the  tuff  at  Oroville.  The  nearest 
exposures  of  the  Nomlaki  are  in  the  northwest  part  of 
the  Oroville  ijuadranglc,  approximareK'  15  miles  from 
the  deposits  under  discussion,  and  intervening  outcrops 
were  not  found.  Lindgren  (1911,  pp.  26-27),  de- 
scribing the  "tuffs  of  Oroville",  noted  that  similar 
deposits  occur  more  or  less  continuously  as  far  south 
as  the  Bear  Ri\er.  This  might  indicate  that  the  source 
lay  to  the  south  and  east  of  Oroville  and  some  distance 
from  the  supposed  source  of  the  Nomlaki  tuff.  Fven 
so,  the  two  ma\-  belong  to  the  same  general  period  of 
volcanism  and  the  tutf  at  Oroville  ma\ .  like  the  Nom- 
laki, be  late  Pliocene  in  age. 

Tuscan  Formation 

The  Tuscan  Formation  is  areally  the  most  important 
unit  mapped  in  the  Oroxille  quadrangle.  It  consists  ex- 
clusively of  volcanic  rocks  and  their  sedimentar\ 
derivatives.   These   deposits  were  earl\'   described   by 
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Figure  39.  Tuscan  Formation  in  canyons  of  Butte  and  Little  Butte 
Creeks,  as  viewed  from  Honey  Run.  Alternating  tuff  breccia  and  vol 
conic  sediments.  View  west. 

Whitney  (1865,  p.  206).  Diller  (1889,  p.  442)  was  the 
first  to  give  a  detailed  description,  and  later  ( 1 895 ) 
named  the  Tuscan  Formation  for  Tuscan  Springs,  in 
Tehama  County,  where  the  unit  is  well-exposed.  In 
a  later  paper,  Diller  (1906)  used  the  term  "Tuscan 
tuff"  and  this  nomenclature  was  followed  b_\-  later 
writers.  An  extensive  study  of  the  Tuscan  \\  as  made 
by  .\nderson  (1933)  who,  because  of  the  diversity  of 
the  deposits  and  the  minor  importance  of  tuff  in  the 
unit,  advocated  a  return  to  the  original  term  "Tuscan 
Formation"  rather  than  "Tuscan  tuff". 

The  Tuscan  Formation  is  well  exposed  over  much 
of  the  northwestern  portion  of  the  Oroville  quad- 
rangle. Most  of  the  exposures  lie  west  of  the  West 
Branch.  Here  it  underlies  a  broad,  dissected  construc- 
tional plain  which  slopes  gently  toward  the  south  and 
southwest  (Figs.  2,  4)  and  passes  beneath  the  over- 
lapping alluvium  of  the  Sacramento  \'alley  at  the  ap- 
proximate latitude  of  Pentz.  Scattered  erosion  rem- 
nants of  the  Tuscan  protrude  south  of  this  line  as  small 
mesas.  The  streams  which  have  cut  their  wa\'  north- 
ward and  northwestward  back  into  the  Tuscan  have 
formed  several  deep  canyons.  These  afford  spectacular 
views  of  the  internally  stratified  nature  of  the  deposits 
which  underlie  the  plain  (Fig.  39).  The  strata  are 
nearl)'  flat-l\ing.  Dissection  of  the  plain  has  developed 
a  well-marked  consequent  drainage  pattern,  character- 
ized by  deep,  steep-sided,  narrow  canyons  separated 
by  equall)'  long  and  narrow,  fingerlike  ridges.  Some  of 
the  ridges  pass  uninterrupted  beneath  the  alluvium  of 
the  Sacramento  \'alley;  others  break  into  a  series  of 
"knobs"  (Fig.  40).  The  total  effect  is  a  subparallcl 
arrangement  of  can\-ons  and  ridge-crests,  sloping 
southward  at  the  east  edge  of  the  plain  and  south- 
westward  at  the  west  edge.  East  of  the  West  Branch 
outcrops  of  the  Tuscan  are  restricted  to  ridge-tops 
just  east  of  the  river.  These  include  a  fairl\'  large  area 
on  Jordan  Hill  and  two  small  areas  near  Gold  Flat. 


The  exposures  of  the  Tuscan  Formation  in  the  Oro- 
ville quadrangle  mark  the  southernmost  areal  extent 
of  this  unit. 

The  Tuscan  Formation,  in  the  mapped  area,  is  prin- 
cipall)-  tuff-breccia,  lapilli  ruff,  volcanic  conglomerate 
and  sandstone,  with  lesser  i]uantities  of  tuff,  claystonc, 
and  siltstone.  Individual  members  are  quite  consistent 
along  strike  and  Icnsing-out  of  any  unit  is  usually 
rather  gradual.  Because  of  its  resistance  to  erosion  and 
soil-forming  processes,  the  tuff-breccia  is  the  most 
striking  rock  type  in  the  formation,  and  the  casual 
observer  might  tend  to  overestimate  its  quantitative 
importance.  It  is  estimated  that  the  tuff-breccia  and 
closely  related  lapilli  tuff  make  up  no  more  than  per- 
haps 30  or  40  percent  of  the  total  section  here.  Vol- 
canic conglomerate  and  volcanic  sandstone  are  of 
about  equal  importance,  each  constituting  approxi- 
mately one-quarter  of  the  formation.  Tuff,  tuffaceous 
siltstone,  and  claystone  together  form  probably  no 
more  than  10  percent  of  the  Tuscan. 

All  beds  of  tuff-breccia  observed  by  the  writer  are 
over  3  feet  in  thickness,  many  exceed  6  feet,  and  a 
few  reach  40  feet.  The  rock  is  hard  and  compact,  mas- 
sive, and  shows  a  tendency  to  break  into  rough-sided 
equidimensional  blocks.  Fractures  or  weathered  sur- 
faces in  the  tuff  breccia  are  quite  irregular,  due,  in 
part,  to  the  presence  of  variousI\-  sized  hard  lithic  frag- 
ments included  in  a  somewhat  softer  matrix  (Fig.  41). 
Internal  stratification  is  generalK'  lacking,  and  at  the 
few  localities  where  it  is  developed  tends  to  be  quite 
ill-defined.  Specimens  of  unweathered  tuff-breccia  are 
medium  brownish-gray  or  dark  gray-tan.  The  tuff- 
breccia  consists  essentially  of  angular  to  subangular 
blocks  of  dark-colored  basaltic  and  andesitic  lavas 
firmly  held  in  a  prominent  to  predominant  matrix  of 
comminuted  volcanic  rocks  and  scattered  sand-sized 
crystal  fragments.  The  lithic  fragments  are  unsorted 
with  respect  to  size,  and  range  through  tuff  and  lapilli 
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Figure   40.      Beauty    Peak,    capped     by    Tuscan    tuff-breccio    which     is 
underlain    by    bedded    volcanic    sediments.    View    north. 
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sizes  (as  defined  hv  W'cntwortli  and  Williams,  1932, 
pp.  47.  40)  up  to  blocks  of  several  feet  in  maximum 
dimension.  Blocks  measuring  over  6  feet  are  common, 
and  one  block  of  about  10  feet  in  length  was  found 
on  Jordan  Hill  (.\nderson  [1933,  p.  225]  recorded  a 
block  45  feet  in  length  in  the  Tuscan  Formation  north- 
east of  Red  Bluff).  The  average  maximum  dimension 
of  the  blocks  varies  from  place  to  place,  but  at  most 
localities  is  approximatclx-  3  or  4  inches. 

Individual  blocks  contained  in  the  tufT-breccia  are 
all  lavas  of  basic  or  intermediate  composition.  Basalts 
and  basaltic  andesites  are  abundantly  represented, 
while  fragments  of  hornblende  andesitc  are  rather  un- 
common. Anderson  (1933,  p.  226)  noted  that  basalt 
is  predominant  over  andesite  in  the  Tuscan  as  a  w  hole. 
At  any  one  locality,  many  rocks  of  dissimilar  appear- 
ance occur,  but  most  may  be  classified  among  one  of 
the  several  fundamental  types  mentioned  above.  The 
blocks  nearlv  alwa\s  carr\'  a  few  vesicles,  and  many 
are  highl>-  vesicular.  Flow-banding  and  trach\tic  struc- 
ture occur  less  frequently,  but  w  itii  the  vesicular  struc- 
ture and  the  overall  fine-grained  character  of  these 
rocks,  attest  the  fact  that  the  blocks  have  been  derived 
chieflv  from  extrusive  or  near-surface  volcanic  rocks. 
Rocks  other  than  the  volcanic  types  described  above 
are  generally  lacking  in  the  tuflf-breccia,  but  at  one 
locality  near  the  base  of  the  formation,  a  few  water- 
worn  pebbles  of  granodiorite  and  basic  volcanic  rocks 
of  the  bedrock  type  accompan\-  the  normal  materials 
of  the  tuff-breccia. 

Most  of  the  blocks  contained  in  tiie  tufT-breccia  are 
black  or  very  dark  gra\-,  but  a  few,  less  than  10  per- 
cent of  the  whole,  have  been  oxidized  to  dark  shades 
of  red  or  reddisii-brown.  At  least  three-fourths  of  the 
blocks  are  more  or  less  vesicular.  Alany  of  them  are 
microvesicular,  but  some  contain  spherical  \esicles  of 
2  or  3  mm  in  length  which  occup\'  30  to  60  percent 
of  the  total  volume  of  the  rock.  Complete  amygdules 
are  rare,  but  man\'  of  tiie  larger  \esiclcs  are  lined  with 
zeolite  or  clear  opal.  A  few  blocks  contain  numerous 
spherical  vesicles,  from  2  to  4  mm  in  diameter,  which 
are  lined  with  a  film  of  aphanitic  blue  chloritic  (?) 
material.  Almost  all  the  blocks  are  porph\ritic  with 
a  microcr\stalline  or,  less  frcciucnti\',  aphanitic  ground- 
mass.  Phenocr_\sts  make  up  from  20  to  70  or  80  per- 
cent of  the  whole,  the  average  lying  near  40  or  50 


Figure   41     (obove).      Massive     tuff-breccia.     Tuscan     Formation.     Near 
Lime  Saddle. 


.  >.■>'- 


\t 


>^^*- :   ~^:^' 


•«>  *^  •'.■  J-' ■♦•'■,;'. 


''it^'.J^ 


Figure  42   (below).     Tuff-breccio   underlain    by   volcanic   conglomerate 
ond  sondttone.  Tuscon  Formation.   Pentz  rood,  near   Lime  Saddle. 
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pcrcciir.  1  he  most  ahundaiir  t\'pcs  show  siii;ill  hut 
conspicuous  elongate  or  sub-equidiniensional  plieno- 
crysts  of  plagioclase,  with  fewer  hut  larger  phcno- 
crysts  of  augitc  and  olivine  and  sometimes  h\perstliene. 
Types  having  augitc  or  olixinc  as  the  onl\'  conspicuous 
phcnocrystic  fcrromagnesian  mineral  arc  somcw  hat  less 
abundant  than  those  showing  several  ferromagnesians. 
As  seen  under  the  microscope,  the  blocks  and  lapilli 
contained  in  the  tufF-brcccia  are  almost  in\ariably 
porphyritic,  and  phcnocr\"sts  constitute  from  20  to  70 
percent  of  the  whole.  In  the  great  maiority  of  speci- 
mens, mildly  zoned  plagioclase  (An.-,i-An,s:(,  avg.  An,,-,) 
is  the  principal  phcnocr\sric  mineral.  Less  often  feld- 
spar is  restricted  to  groundmass  microlites.  The  dom- 
inant ferromngncsian  mineral  is  usuall>'  augite,  which 
is  often  accompanied  by  hypersthene  or  by  olivine, 
or  infrequently  b\-  both.  In  a  few  cases,  cither  h\ - 
persthcne  or  oli\ine  is  the  principal  mafic  constituent, 
but  rarely  arc  the  ferromagncsian  minerals  tiic  sole 
phcnocrystic  minerals.  Small  granules  of  magnetite 
are  coinmonlv  disseminated  through  the  rock.  The 
blocks  and  lapilli  show  a  wide  variety  of  groundmass 
textures.  In  some  rocks,  microlites  are  absent  and  the 
groundma.ss  consists  solely  of  dark  brown  to  black 
glass.  Where  the  groundmass  is  hypocrystalline,  the 
texture  ranges  from  intersertal  to  hyalo-ophitic.  In 
other  cases,  the  groundmass  is  felty  or  pilotaxitic  with 
intergranular  pyroxene,  olivine,  and  magnetite  and  a 
little  interstitial  glass,  or  with  subophitic  pyroxene. 
The  matrix  enclosing  the  blocks  and  lapilli  consists,  in 
part,  of  angular,  sand-sized  fragments  of  plagioclase 
and  volcanic  rocks,  with  lesser  quantities  of  augite, 
olivine  and  hypersthene,  and  rare  grains  of  green  horn- 
blende. These  are  set  in  a  dusty,  semiopaque,  micro- 
crvstalline  material  of  low  birefringence.  Locally, 
patchy  masses  of  carbonate  help  to  cement  the  ag- 
gregate. 


I  ull  aiul  la()iili  lull  are  frequently  associated  with 
the  tuff-breccia,  and  all  gradations  between  the  several 
rock  types  occur.  These  are  generally  of  similar  com- 
position and  differ  essentially  only  in  the  size  of  frag- 
ments piesent.  Specimens  of  the  tuff  and  lapilli  tuff 
arc  usuall\  indistinguishable  from  those  of  the  matrix 
of  the  tuff-breccia. 

A  consiilerabic  portion  of  the  Tuscan  Formation  is 
composed  of  volcanic  conglomerate  ( I'ig.  42).  T\pi- 
cally  it  consists  of  subangular  to  subroundcd,  occa- 
sionall\  rounded,  ill-sorted  pebbles,  cobbles,  and  boul- 
ders of  dark-colored  volcanic  rocks,  set  in  a  matrix 
of  buff,  coarse-grained,  ill-sorted  sand.  The  dark  color 
of  the  clasts  is  generally  obscured  b\-  a  coating  of  clay 
and  silt,  materials  present  in  small  quantities  in  the 
sandy  matrix.  The  average  size  of  the  clasts  from  out- 
crop to  outcrop  varies  from  1  or  2  inches  to  4  inches, 
although  boulders  up  to  12  or  14  inches  across  are 
common.  The  conglomerate  is  rather  friable  and 
appears  to  lack  significant  amounts  of  cementing 
material.  Its  weak  consolidation  is  a  function  of  the 
consolidation  of  the  matrix  sand,  which  in  turn  de- 
pends upon  the  presence  of  silt  and  cla\'  as  inter- 
granular matrix  material. 

The  conglomerate  usually  contains  rhin,  lenticular 
interbeds  of  sandstone  similar  to  that  described  below, 
and  often  grades  into  normal  sandstone  units.  At  other 
localities,  how  ever,  the  contact  between  sandstone  and 
conglomerate  may  be  quite  sharp,  and  frequently  ex- 
hibits cut-and-rill  relationships  (Fig.  43).  At  several 
localities,  conglomerate  occupies  channels  cut  into  the 
top  of  tuff-breccia,  indicating  that  some  erosion  pre- 
ceded the  deposition  of  certain  of  the  sedimentary 
units. 

The  bulk  of  the  pebbles,  cobbles,  and  boulders 
making  up  the  conglomerate,  aside  from  their  shapes, 
are  markedK-  similar,  if  not  identical,  with  the  blocks 


Figure  43.  Volcanic  conglomerate  filling  channels  cut  into  volcanic 
sandstone.  Sandstone  contains  pebbly  stringers.  Tuscan  Formation,  near 
Lime  Saddle. 


Figure   44.      Cross-bedded    volcanic    sandstone     in    Tuscan     Formation. 
Pentz-Durham   road,    near   Clark    rood. 
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Figure  45.  Thin-bedded  volcanic  sandstone  and  silt- 
stone,  overlain  unconformobly  by  old  londslide(?}. 
Lorge  block  in  overlying  material  is  tuff-breccia.  Tus- 
can   Formation,    Clork    road. 


occurring  in  the  associntcii  tuft-hrcccia.  .All  of  these 
are  of  t\pes  generally  attributed,  at  least  in  Northern 
California,  to  Ccnozoic,  rather  than  Mesozoic  or  Pale- 
ozoic, volcanism.  The  great  majority  are  dark-colored, 
and  all  but  a  few  are  porphyritic  with  phenocrysts  of 
one  or  more  minerals  set  in  a  microcr)  stalline,  some- 
times aphanitic.  groundma.ss.  The  two  most  abundant 
types  are  basalts  or  basaltic  andesites  containing  abun- 
dant phenocr\sts  of  plagioclase  and  augite  or  of  plagio- 
clase,  augite  and  olivine;  both  ma\'  contain  a  few  or 
many  phenocrysts  of  hypersthcne,  and  the  two  types 
together  account  for  nearly  .^0  percent  of  the  clasts 
examined.  About  .^0  percent  of  the  clasts  contain  no 
megascopicall)'  visible  augite  or  h\persthene,  but  ex- 
hibit only  plagioclase  and  oli\ine  or  olivine  alone  as 
phenocr\sts.  Those  with  olivine  alone  are  t\picall\' 
quite  vesicular.  About  5  percent  of  the  clasts  show 
phenocr\'sts  of  feldspar  onl\-.  C]ra\'  liornblendc  ande- 
sitc,  with  phen()cr\sts  of  plagioclase  and  hornblende, 
constitutes  no  more  than  2  or  3  percent  of  the  pebbles 
examined. 

The  Tuscan  sandstone  varies  from  light  gray  or  bulT 
to  dark  orange-brow  n  or  dark  gray.  In  fresh  exposures 
the  most  common  color  is  bluish-gra)',  which  appears 
nearly  black  when  the  sandstone  is  damp.  Much  of  it 
exhibits  crudel\-  developed  tiiick  bedding,  some  shows 
well  defined  bedding,  and  in  the  thinner-bedded  t\pes, 
excellent  cross-bedding  is  often  developed  (Fig.  44). 
Bedding,  where  present,  is  usually  manifested  b\' 
changes  in  grain-size  or  by  the  presence  of  thin,  dis- 
continuous "stringers"  of  pebbles  or  granules  (Fig. 
43).  In  a  few  cases,  the  sandstone  contains  thin  inter- 
calations of  light-colored  tuffaceous  clay  or  siltstonc 
(Figs.  45,  46).  Grain-size,  even  in  a  single  outcrop. 
may  be  highly  variable,  and  all  gradations  from  \ery 
fine-  to  ver\-coarse  occur.  Sorting  with  respect  to 
grain-size  tends  to  be  rather  poor  in  the  coarser- 
grained  variet)'.  A  small  amount  of  silt  or  argillaceous 


matter  is  invariably  found  to  be  present  when  the 
saniistonc  is  puKerized.  .Most  of  the  Tuscan  sandstone, 
especiall)  the  coarser-grained  t\pe,  tends  to  be  quite 
friable  ami  apparently-  owes  its  weak  consolidation 
to  minor  quantities  of  silt  or  clayey  material  w  hich 
accompan\  the  grains.  Some  weak  cementing  ma\ 
also  be  accomplished  by  a  white  chloritic  (?)  material 
which  occurs  as  a  thin  film  on  the  grains  in  much  of 
the  sandstone.  It  is  also  the  presence  of  this  film  which 
in  part  accounts  for  the  marked  l)lue-gra\'  color  show  n 
l)y  some  ot  the  sandstone.  Ihc  finer-grained  sandstone 
at  several  localities  is  moderately  \\ell-indurated  and 
tends  to  fracture  into  angular  fragments.  Subanguiar 
grains  arc  almost  alw  ays  predominant  in  the  sandstone, 
although  some  angular  and  subrounded  grains  are 
usually   present. 

In  hand  specimen,  much  of  the  1  uscan  sandstone 
has  a  distinctly'  volcanic  aspect.  Identifiable  grains 
include  dark,  dense  lithic  fragments,  feldspar,  augite, 
h\pcrsthene  and  olivine.  Under  the  microscope  the 
Tuscan  sandstone  consists  predominantly  of  volcanic 
rock  fragment";,  petrographicalK'  similar  to  the  rocks 
fouiui  in  the  tuff-breccia,  and  subanguiar  grains  of 
plagioclase.  These  are  accompanied  by  lesser  quantities 
of  olivine  (t>picall>'  altered  to  iddingsite  I?]),  augite, 
and  h\pcrsthene,  and  b\  scattered  grains  of  biotite 
and  green  hornbleiule.  The  grains  are  often  thinl\- 
coated  w  ith  an  imlctermiiiate  microcr\stallinc  mineral 
of  ver\'  low  birefringence. 

.\t  a  few  localities,  rounded  granules  aiui  small  peb- 
bles of  pumice  are  present  in  the  sandstone.  .\t  one 
point  on  Dry  (Jeek,  a  single  small  spherical  grain  of 
perlitic  volcanic  glass  was  found.  Refractive  indices, 
tietermined  b\-  oil-immersion  methods,  of  the  glass 
range  from  1.498  i  .00.3  to  l..'!!!  ±  .00.3,  indicating 
a  silica  content  of  appro\imatcl\  "2  to  6"  percent 
((George,  1924).  .A  sandstone  cropping  out  on  the  east 
bank  of  little   liutte  Oeek  and   l>ing  about  50  feet 
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above  the  base  of  the  Tuscan  cxliibits  crude  bedding 
which  is  manifested  by  the  presence  of  atiundant  frag- 
ments of  wliite,  partl_\-  devitrificd  pumice.  It  is  prob- 
able that  the  pumice  represents  material  reworked 
from  the  underlying  Nomlaki  tuff  which  crops  out 
a  short  distance  upstream  froin  this  exposure.  Tiie 
refractive  index  of  the  Nomlaki  pumice  is  1.503  ± 
.003;  that  of  the  supposedly  reworked  material  is  1.505 
±  .003.  It  is  possible  that  the  other  occurrences  of 
acidic  pumice  in  the  Tuscan  can  also  be  attributed 
to  reworking  of  the  Nomlaki  tuff. 

Siltstone  and  claystone  are  widely  distributed  in  the 
Tuscan,  but  do  not  constitute  a  large  portion  of  the 
total  section.  The\-  occur  cither  as  thin  interbeds  as- 
sociated with  coarser-grained  sediments  or  as  indi- 
vidual units  several  feet  in  thickness.  They  are  usual!}- 
light  in  color,  ranging  from  light-gray  or  buff  to 
brown  and  mcdium-gra\-.  Both  tlie  siltstone  and  clay- 
stone  are  often  thinl\-  laminated,  and  thini\  laminated 
alternations  of  differently  colored  siltstone  and  clay- 
stone  are  common.  The  laminations  ma>-  either  be 
planar  and  parallel  or  slightly  curving  and  convergent. 
These  sediments  arc  typically  compact  and  fairly  hard, 
and  tend  to  l)reak  with  angular  fracture  into  small, 
blocky  fragments.  Beds  of  massive  soft  brown  clay 
occur  at  a  few  localities.  .Most  of  these  finer-grained 
sediments  have  a  tuffaceous  aspect  in  hand  specimen, 
and  under  the  microscope  abundant  angular  grains  of 
fresh  volcanic  glass  and  bits  of  pumice  ma\-  be  seen. 
Scattered  diatoms  are  invariably  present. 

Txpical  sections  of  the  Tuscan  Formation  consist  of 
thick  units  of  sandstone,  conglomerate,  and  finer- 
grained  sediments  or  tuff  with  which  beds  of  tuff- 
breccia  of  var\'ing  thickness  are  interstratified  at 
rather  widely  spaced  intervals.  The  tuff-breccia  tends 
to  form  vertical  or  nearly  vertical  cliffs  where  its 
edges  have  been  eroded,  in  contrast  to  the  steep  or 
moderate  slopes  formed  on  the  sedimentary  strata. 
Differential  weathering  has  thus  produced  a  step-like 
topograph)"  on  slopes  underlain  b\'  the  Tuscan,  and 
has  served  to  grossly  accentuate  the  large-scale  strati- 
fication of  the  formation.  This  feature  of  the  Tuscan 
is  highly  characteristic  in  the  area  of  stud\',  even  when 
the  formation  is  viewed  from  a  distance  of  several 
miles  (Fig.  2).  Another  characteristic  feature  of  the 
Tuscan  is  the  contrast  between  the  relative  density 
of  vegetation  growing  on  the  tuff-breccia  and  that 
supported  by  the  sediments  and  tuff.  The  tuff-breccia 
generally  supports  little  else  but  grass  and  scattered 
oak  and  pine,  while  relatively  thick  brush  usualK' 
grows  on  the  sediments.  It  is  probable  that  the  thicker 
vegetati\e  co\er  is  favored  both  by  the  superior  water 
bearing  properties  of  the  sediments,  especiall>'  of  the 
conglomerate  and  coarser-grained  sandstone,  and  b\- 
the  tendency  of  the  sediments  to  form  a  thicker  soil- 
mantle  than  that  formed  by  the  tuff-breccia. 

In  the  western  part  of  the  area,  the  Tuscan  Forma- 
tion is  underlain  by  flood-plain  deposits  of  the  New 


I"ra  Formation.  I  he  contact  is  conformable  and  is 
!ocall\-  gradational.  The  New  F.ra  also  underlies  the 
Tuscan  in  the  upper  part  of  Messilla  Valley  and  at 
several  localities  on  Ijoth  the  west  and  east  sides  of 
the  West  Brancli  and  on  the  east  side  of  Jordan  Hill. 
In  the  lower  [)art  of  Messilla  Valle\',  the  Tuscan  is 
underlain  w  ith  slight  angular  unconformity  in  part  by 
the  lone  Formation  and  in  part  by  the  Chico  Forma- 
tion. At  the  head  of  iMessilla  Valley  and  at  most  places 
in  the  canyon  of  the  West  Branch,  the  Tuscan  rests 
w  ith  profound  angular  unconformitx'  on  the  upturned 
edges  of  the  Sierran  "Bedrock  series".  The  bedrock 
surface  slopes  southwestw  ard,  and  the  relatively  flat- 
lying  Tuscan  beds  onlap  this  surface  from  south- 
west tow  ard  northeast.  Thus,  the  beds  considered  to 
be  the  base  of  the  Tuscan  in  the  northeastern  part  of 
the  area  are  stratigraphically  several  hundred  feet 
higher  than  those  which  are  at  the  base  of  formation 
toward  the  west  and  south. 

Over  most  of  the  area  where  it  is  exposed,  the 
Tuscan  Formation  is  the  stratigraphically  highest  unit. 
At  the  southern  edge  of  its  outcrop  area,  however,  the 
Tuscan  is  overlain  by  continental  sediments  assigned 
to  the  Pleistocene  or  Recent  epochs.  Oldest  of  these 
appear  to  be  dissected  alluvial  fan  deposits  which 
parth-  cover  the  Tuscan  rocks  south  of  Dr\'  Creek. 
The  contact  between  the  Tuscan  and  the  younger, 
essentially  flat-lying  sediments  is  a  slight  angular  un- 
conformit\',  and  in  many  places  is  also  a  strong  ero- 
sional  disconformity.  For  example,  near  Butte  Creek 
the  uppermost  strata  of  the  Tuscan  lie  600  feet  above 
Recent  sediments.  Just  north  of  the  Oroville  quad- 
rangle, at  Paradise,  a  small  remnant  of  a  porph\ritic 
olivine  basalt,  totall\'  unlike  the  "older  basalt"  of  Oro- 
ville Table  Mountain,  rests  on  the  topmost  beds  of  the 
Tuscan.  This  is  possibly  equivalent  to  the  "younger 
basalt"  mapped  by  Turner  (1898)  in  the  Bidwell  Bar 
quadrangle.  How  ever,  no  volcanic  rocks  younger  than 
the  Tuscan  were  recognized  in  the  Oroville  quad- 
rangle b\-  the  present  writer. 

Because  the  Tuscan  Formation  generally  rests  on  a 
southwest-sloping  bedrock  surface,  its  thickness  in-  ^ 
creases  progressively  toward  the  south  and  west.  The 
thickest  exposed  section  lies  along  Big  Butte  and  Little 
Butte  Creeks,  where  about  650  feet  of  interbedded 
conglomerate,  sandstone,  tuff-breccia  and  tuff  occur. 
Along  the  west  side  of  the  canyon  of  the  West  Branch, 
the  thickness  of  the  Tuscan  averages  about  250  feet. 
On  Jordan  Hill,  the  maximum  thickness  is  250  feet, 
and  near  Gold  Flat,  no  more  than  75  feet  are  exposed. 

Anderson  (1933,  pp.  245-261),  after  making  an  ex- 
tensive survey  of  the  literature  concerning  volcanic 
breccias  and  related  subjects  and  considering  the  ap- 
plicabilitx'  of  each  of  several  possible  modes  of  origin 
to  the  tuff-breccias  of  the  Tuscan  Formation,  con- 
cluded that  the.sc  deposits  probably  were  emplaced 
as  volcanic  mudflows.  For  the  water  needed  in  the 
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mobilization  of  the  mudflows,  lie  listed   (p.  246)   the 
following  possible  sources: 

A.  F.ruptions 

a.  Through  a  crater  lake. 
1).  Melting  of  snow  and  ice. 

c.  I'njlow  ing  heavy  rains. 

d.  Accompanied  by  heavy  rains. 

M.  Not  related  to  eruptions 

a.  Collapse  of  the  dam  of  a  crater  lake. 

b.  Hca\>'  rains  falling  on  unconsolidated  ejecta. 

c.  Rapid  melting  of  snow  and  ice.  .  .  . 

Anderson  concludcil  that  the  initial  source  of  the 
water  in  the  case  of  the  Tuscan  mudflows  was  prob- 
abl\-  in  large  part  melting  snow.  To  the  first  (A)  part 
of  .\nderson's  list,  Curtis  (1954,  p.  474)  suggested  the 
addition  of  "direct  introductif)n  of  autohrecciatcd  lava 
into  streams".  The  nature  of  the  sedimentary  rocks 
which  constitute  a  considerable  part  of  the  Tuscan 
section  in  the  Oroville  quadrangle  strongl\-  suggests 
that  streams  were  quite  active  during  most  of  Tuscan 
time  and  that  therefore  tiie  process  proposed  b\-  Curtis 
might  well  be  in  part  responsible  for  the  mobilization 
of  the  Tuscan  mudflows. 

.■\nderson  (1933,  p.  232)  noted  that  the  "outcrops 
of  the  Tuscan  Formation  converge  and  the  beds 
thicken  to  the  east  .  .  .  indicating  ^\•ithout  doubt  that 
the  source  of  the  material  must  lie  to  the  east  of  the 
present  exposures".  It  ma\-  be  furtiier  noted  from 
Anderson's  measured  sections  (Fig.  3,  opp.  p.  218) 
that  the  importance  of  tuff-breccia,  in  terms  of  per- 
cent of  total  tiiickne.ss  of  a  given  section,  increases 
toward  the  north  and  east  from  the  westernmost  and 
southernmost  outliers,  respectively,  of  the  Tuscan  For- 
mation, and  that  the  exposed  sections  composed  en- 
tirel\'  of  tuff-breccia  are  concentrated  in  the  area 
south  and  west  of  Lassen  Peak.  Anderson  (1933,  p. 
233),  after  studying  thin-sections  of  lavas  of  the  Mt. 
Lassen  area  and  considering  the  known  age  relations 
between  these  rocks  and  the  Tuscan,  further  con- 
cluded: 

.\t  present,  all  we  may  say  is  tliat  the  source  of  the 
Tuscan  is  apparently  in  old  volcanoes  that  possibly  existed 
in  the  vicinity  of  Lassen  Peak;  or  tliey  may  have  been 
located  still  farther  east  beyond  the  confines  of  Lassen 
N'olcanic  National  Park  and  are  now  covered  !)>•  later 
flows.  Certainly  the  present  volcanoes,  so  well  developed 
in  this  region,  arc  later  in  age  and  did  not  contribute  to 
the  Tuscan. 

Recentl).  in  the  vicinit\'  of  Deer  Creek  (15  to  30 
miles  due  south  of  Lassen  Peak),  Professor  G.  H. 
Curtis  •  discovered  what  he  considers  to  be  the  source 
of  a  part  of  the  Tuscan.  There  breccia  dikes  and 
breccia  flows  are  intimately  associated  with  tuff- 
breccias  of  the  Tuscan.  The  mechanism  of  initial  brec- 
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elation  appears  to  have  been  identical  \\  itii  that  re- 
ccntlv  postulated  by  Curtis  (1954)  to  account  for  the 
p\  roclastic  debris  of  the  Mehrten  l-"ormation. 

It  is  considered  unlikel\-  that  each  individual  mud- 
flow  corresponds  to  a  specific  vf)lcanic  eruption.  .More 
probablx .  some  of  the  miulflows  mark  times  w  hen  the 
conditions  ncccssar\'  for  the  movement  of  standing, 
previiiusl\  erupted  \i)lcanic  material  were  fulfilled 
(i.e.  when  mobility  was  imparted  to  existing  debris  in 
the  source  area),  while  others  may  have  been  derived 
ilirectly  from  new  1\'  eruptcvl  material  w  hicii  had  ac- 
quired the  requisite  mobility  upon,  or  \ery  shortK' 
following,  its  extrusion. 

The  volcanic  sandstone  and  conglomerate  w  hich  are 
everywhere  interbedded  with  the  tuff-breccia  were 
apparently  deposited  as  stream-channel  and  flood-plain 
deposits  and  almost  certainlx'  derived  the  bulk  of  their 
materials  directly  from  the  mudflows  tiieniselves.  The 
strongest  line  of  exidence  in  this  regard  is  tiie  marked 
similarit\-,  and  in  many  cases  identity,  of  rock  types 
occurring  in  the  conglomerate  and  in  the  tuff-breccia. 

No  fragments  which  might  represent  the  matrix 
material  of  tuff-breccia  were  found  in  the  conglom- 
erate. Their  absence  is  probably  due  in  part  to  the  fact 
that  while  the  matrix  is  usualh"  quite  firm  and  com- 
pact, it  is  nonetheless  considerably  softer  than  the  en- 
closed blocks.  It  may  well  be  that  the  finer-grained 
volcanic  .sediments  of  the  Tuscan  contain  in  large  part 
onl\  detritus  derived  directly  from  the  matrix  of  the 
tuff-breccia.  Possibl\'  little  else  was  accomplished,  then, 
by  the  agencies  of  erosion  and  transportation  than  to 
disaggregate  the  matrix  of  the  tuff-breccia  and  liberate 
the  blocks,  and  then  to  transport  and  slightK-  abrade 
and  sort,  according  to  size,  the  various  materials  avail- 
able. 

The  deposition  of  the  sediments  occui'red  during 
times  at  w  hich  tuff-breccia,  in  the  form  of  mudflows, 
was  not  entering  the  area.  Blackw  elder  ( 1928)  believes 
that  non-\ olcanic  mudflows  in  semiarid  regions  prob- 
ably move  as  units  "without  .  .  .  internal  churning". 
Assuming  that  similar  conditions  of  movement  would 
prevail  in  volcanic  mudflows,  the  emplacement  of  a 
particular  mudflow  at  any  given  locality  may  be  envi- 
sioned as  being  essentially  instantaneous.  Under  such 
conditions  of  emplacement,  the  Tuscan  nnulflows 
without  doubt  severeK'  disrupted  drainage  patterns 
over  w  ide  areas.  Once  a  mudflow  was  emplaced,  depo- 
sition of  sediments  was  resumed  under  conditions 
similar  to  those  w  hich  prevailed  prior  to  the  arrival  of 
the  mudflow,  except  that  some  changes  in  the  details 
of  the  stream  patterns  must  have  come  about.  The  silt- 
stone  and  claystone  which  occur  in  the  Tuscan  at 
various  localities  are  believed  to  represent  de|iosition 
under  lacustrine  conditions.  This  contention  linds  sup- 
[)()rt  in  the  presence  of  tiiin  laminations  in  most  ot  the 
pelitic  types,  indicating  the  action  of  gentle  currents 
operating  in  quiet  waters.    The  presence  of  scattered 
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(Jiatoiiis  in  iiuist  thin  sections  of  these  rocks  also  sug- 
gests lacustrine  conditions.  Apparent!)-  shallow,  short- 
lived lakes  formed  from  time  to  time  on  the  broad 
flood  plain  over  \\  hicii  the  coarser-grained  Tuscan 
deposits  were  spread.  \\'hether  all  of  the  clastic  par- 
ticles were  carried  in  by  streams  is  not  known,  and  it 
is  possible  that  some  of  the  material  making  up  these 
rocks  actually  entered  the  depositional  basin  from  the 
air  as  the  product  of  cxplosi\e  \olcanic  activity'  in  far- 
removed  localities.  The  xolcanic  glass  present  in  these 
finer-grained  types  suggests  that  such  may  be  the  case. 
However,  it  remains  to  be  demonstrated  that,  exclu- 
sive of  the  period  of  Xomlaki  tuff  deposition,  explo- 
sive volcanoes  were  active  during  Tuscan  time. 

.\nderson  and  Russell  ( 19.?9,  pp.  242-24.^)  concluded 
that  the  topographic  setting,  general  trend  of  stream 
courses,  and  conditions  of  deposition  in  the  Sacra- 
mento \'alle\'  during  the  late  Pliocene  were  essentially 
the  same  as  those  existing  there  toda\',  except  that 
contemporaneously  with  the  sedimentation,  volcanoes 
lying  to  the  east  of  the  basin  were  contributing  the 
basaltic  and  andesitic  material  which  makes  up  the 
Tuscan  Formation.  Russell  (19.^1)  noted  that  north  of 
Red  Bluff,  the  Tuscan  and  Tehama  strata  interfinger. 
A  similar  relationship  presumabl\-  exists  at  other  places 
where  the  t\\  o  units  are  in  contact. 

Except  for  the  diatoms  mentioned  above,  no  fossils 
were  found  in  the  Tuscan  Formation  by  the  present 
writer,  nor  is  the  writer  aware  of  the  occurrence  of 
fossils  at  any  place  in  the  Tuscan.  Russell  and  X'ander- 
Hoof  (  1931,  p.  14)  concluded  that  the  Tuscan  is  cor- 
relative with  the  Tehama  Formation,  found  on  the 
west  side  of  the  Sacramento  \'alley.  This  correlation 
is  proven  by  the  facts  that  the  Xomlaki  TufT  .Member 
is  present  at  or  near  the  base  of  both  formations  and 
that  the  two  units  interfinger  in  their  zone  of  junction. 
Since  the  Tehama  is  upper  Pliocene,  as  based  largely 
on  a  study  of  vertebrate  fossils  from  that  formation 
(Russell  and  \'anderHoof,  19.31;  \'anderHoof,  1933), 
the  Tuscan  must  likewise  be  upper  Pliocene. 

Nomtaki  Tuff  Member 

The  Xomlaki  Tuff  .Member  of  the  Tuscan  Forma- 
tion crops  out  on  the  west  side  of  the  canyon  of  Little 
Butte  Creek,  about  half-wa\-  between  the  juncture 
\\ith  Butte  Creek  and  the  mouth  of  Honey  Run. 
There,  it  occurs  as  a  thin,  lenticular  sequence  of  light- 
colored  tuff  and  lapilli  tuff  at  the  base  of  the  Tuscan 
Formation. 

The  name  Xomlaki  tuff  was  proposed  by  Anderson 
and  Russell  (Russell  and  X'anderHoof,  1931,  p.  14)  for 
a  distinctive  dacitic  pumice  tuff  present  near  the  base 
of  the  Tuscan  and  Tehama  Formations.  The  value  of 
this  member  in  proving  the  correlation  between  the 
two  formations  has  been  indicated  above.  The  most 
important  exposures  of  the  Xomlaki  lie  on  the  west 
side  of  the  northern  part  of  the  Sacramento  Valley, 
but  the  unit  also  crops  out  along  several  streams  on 


the  cast  side  of  the  Sacramento  \'alle\-  (.Anderson  and 
Russell,  1939,  p.  244).  The  most  detailed  published 
descriptions  of  the  Xomlaki  tuff  to  date  are  those 
written  by  Anderson  (193  3,  pp.  234-235)  and  by 
Anderson  and  Russell  (1939,  pp.  243-247). 

At  the  most,  only  about  20  feet  of  Xomlaki  strata 
are  exposed  on  Little  Butte  Creek.  The  principal  litho- 
logic  types  present  are  white  to  vcr\'  light-tan  pumice 
tuff  and  pumice-lapilli  tuff.  The  tuff  is  thinly  lami- 
nated and  shows  some  small-scale  cross-bedding.  It 
consists  predominantly  of  silt-sized  shards  of  fresh 
glass  (n  =  1.503  ±  .003),  accompanied  by  sparsely  dis- 
seminated grains  of  dark  ferromagnesian  minerals 
(hornblende,  hypersthene)  and  metallic  minerals.  Oc- 
casional thin  beds  of  small,  rounded  fragments  of 
fresh  pumice  accentuate  the  stratification.  The  lapilli 
consist  exclusively  of  fresh  white  pumice,  are  sub- 
rounded  to  rounded,  and  grade  into  pumice-fragments 
of  granule  and  sand  size.  The  lapilli  are  set  in  a  soft 
matrix  of  silt-sized  glass  shards  and  crystal  fragments 
(plagioclase,  hornblende,  and  hypersthene).  Despite 
the  soft  nature  of  the  rock,  it  is  fairl>-  firm  and  sup- 
ports a  low  bluff  several  feet  in  height.  The  uppermost 
bed  of  the  X'omlaki  at  this  locality-  is  a  rock  of  similar 
composition  to  the  purely  p\roclastic  rocks  below,  but 
which  is  orange-buff  and  considerably  harder,  and 
which  contains  a  noteworthv  admixture  of  sand.  It 
apparenth-  represents  dilution  of  the  p\roclastic  debris 
by  non-volcanic  detritus. 

Analyses  of  the  Xomlaki  tuff  (Clarke  and  Hille- 
brand,  1897,  pp.  194,  197;  Diller,  1903,  p.  360)  show- 
that  the  silica  content  lies  between  65  and  70  percent, 
indicating  a  rhyodacitic  composition  (Xockolds,  1954, 
p.  1014).  Anderson  and  Russell  (1939,  p.  246)  noted 
that  the  glass  contained  in  the  tuff  ranges  in  refractive 
index  from  1.497  to  1.503. 

.■\nderson  and  Russell  ( 1939,  p.  246)  suggested  that 
the  Xomlaki  tuff  is  the  result  of  Pelean  eruptions 
{miees  ardeiites),  and  noted  that  in  at  least  one  localit>-, 
the  tuff  has  apparently  been  welded.  They  believed 
(pp.  245-246)  that  the  source  of  the  Xomlaki  la>'  east 
and  south  of  Redding,  near  Bear  and  Digger  Creeks. 
Unlike  the  Xomlaki  tuff  exposed  near  the  supposed 
source  area,  the  tuff  mapped  as  Xomlaki  along  Little 
Butte  Creek  is  distinctly  stratified  and  in  part  quite 
thinly  laminated,  suggesting  that  it  has  been  reworked 
to  some  extent  by  rather  quiet  (lacustrine?)  waters. 

Red  BlufF  Formation 

Outcrops  of  fluviatile  sediments— principally  conglo- 
merate, with  sandstone,  siltstone,  and  cla\'— occur  ex- 
tensively in  the  southernmost  part  of  the  quadrangle. 
It  is  probable,  on  the  basis  of  stratigraphic  position 
and  lithologic  character,  that  a  large  part  or  all  of 
these  sediments  are  correlative  with  the  Red  Bluff 
Formation  (Pleistocene). 
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Figure  46.  Thin-bedded  volcanic  sandstone  and  siltstone  overlain 
unconformobly  by  old  landslide(?).  Small  normal  fault  transects  beds. 
Tuscan  Formation.  Clark  road. 


The  Red  Blutf  Formation  was  named  b\-  I3iller 
(1894,  p.  411),  who  stated  that  the  formation  is  "best 
exposed  on  Red  Bank  *  and  at  Red  Bluff,  on  the  Sacra- 
mento". Diller  (1906,  p.  6)  later  described  the  Red 
Bluff  as  it  occurs  in  the  Redding  area,  and  brief  de- 
scriptions of  the  formation  have  appeared  from  time 
to  time  in  the  later  literature  (Hinds,  1933;  Anderson 
and  Russell,  1939). 

Outcrops  of  the  Red  Bluff  Formation  in  tiic  Oro- 
ville  quadrangle  are  concentrated  in  the  general  vi- 
cinity of  the  point  at  which  the  Feather  River  leaves 
the  foothills  of  the  Sierra  and  flows  into  the  Sacra- 
mento \'alle\'.  Southeast  of  the  river  the  sediments 
underlie  a  rolling  topography  that  includes  elevations 
up  to  600  feet.  Immediately  north  and  west  of  the 
stream  they  occur  on  well-defined  terraces,  the 
maximum  elevation  of  which  is  approximately  375 
feet.  To  the  west,  the  terraces  have  been  reduced  by 
erosion  to  a  series  of  low,  rolling  hills. 

Most  of  the  sediments  mapped  as  Red  Bluff  are  red- 
dish-brown  to  greenish-tan.  The  various  lithologic 
types  occur  in  lenticular  beds.  Cut-and-fill  relationships 
between  adjacent  units  are  common.  Cross-bedding 
generall\-  occurs  in  the  finer-grained  sediments. 

The  principal  lithologic  type  in  the  Bed  Bluff  is 
crudcl\'  stratified,  ill-sorted  pebble-to-boulder-con- 
glomeratc.  The  clasts  are  dominantlv  subrounded,  but 
vary  from  subangular  to  well-rounded.  Most  of  them 
consist  of  igneous  and  metamorphic  rocks  derived 
from  the  bedrock  tcrrane.  Recognizable  Tertiary  vol- 
canic rocks  are  present  in  markedly  subordinate  quan- 
tity. The  clasts  are  loosely  held  in  a  matrix  of  reddish- 
brown  argillaceous  sand. 

Argillaceous  biotitic  feldspathic  sandstone  is  com- 
monly intcrbeddcd  with  the  conglomerate.  It  is  typi- 

•  About  10  miles  west  and  slightly  south  of  Red  Bluff. 


Figure  47.  Red  Bluff  Formation  resting  discon- 
formably  on  weathered  bedrock.  U.S.  Highway  40 
Alt.  eoit  of  Oroville. 
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call\-  reddish-hiown,  tliick-  to  tliin-beddcd,  and  quite 
friable.  Lithic  grains  are  locall\-  abundant.  In  a  few 
places,  the  sandstone  is  pale  buff  and  contains  closely- 
spaced  thin  laminae  of  blacksand  (magnetite).  Subor- 
dinate interbeds  of  reddish-brown  or  greenish-tan  soft 
sandy  siltstone  and  clay  frequently  accompanj-  the 
sandstone. 

The  Red  Bluff  attains  a  thickness  of  at  least  200  feet 
in  tile  hills  east  of  Oroville.  The  maximum  tiiickness 
on  the  west  side  of  the  Feather  River  is  approximately 
\25  feet.  The  Red  Bluff  rests  unconformably  on  all 
older  formations  (Fig.  47),  the  youngest  of  which  is 
the  unnamed  rh\-oiitic  tuff  that  crops  out  near  tlie 
Oroville-Forbestow  n  road.  A  disconformable  contact 
between  about  50  feet  of  Red  Bluff  strata  and  the 
underlying  IMehrten  ( ? )  Formation  is  well  exposed  in 
the  west  bank  of  the  Feather  River  just  east  of  Ther- 
nialito.  At  several  localities  on  the  cast  side  of  the  river, 
the  Red  Bluff  has  buried  low,  flat-topped  mounds  of 
Mehrten  (?)  andesite  which  have  since  been  exhumed 
by  later  erosion.  Elsewhere,  the  Red  Bluff  is  markedly 
unconformable  on  bedrock,  and  locally  the  pre-Red 
Bluff  bedrock  surface  slopes  as  much  as  10  degrees. 
The  formation  is  disconformably  overlain  at  many 
places  b\-  Recent  alluvium. 

The  lithologic  character  of  the  Red  Bluff  Formation 
and  the  localization  of  the  deposits  at  or  near  the  point 
where  the  Feather  River  leaves  the  foothills  suggest 
that  the  sediments  \\  ere  deposited  on  a  flood  plain  and 
in  channels  b\-  the  river  itself  or  by  a  closely  related 
ancestral  stream.  The  oldest  deposits  are  those  which 
lie  to  the  east  at  the  highest  elevations  and  which  have 
been  most  severel\-  dissected.  The  sediments  l\'ing 
south  and  slightly  east  of  Sxxamore  Hill  appear  to 
have  been  deposited  in  a  south-trending  channel.  Thus, 


the  river  apparentl\'  turned  sharply  toward  the  south 
near  Sycamore  Hill,  just  as  it  does  today  near  South 
Table  Mountain.  With  subsequent  uplift  and  down- 
cutting,  the  river  \\  as  able  to  breach  the  bedrock  ridge 
on  the  west  and  to  occupy  a  course  more  nearly 
approximating  that  shown  by  the  present  stream.  The 
flood  plain  deposits  of  this  and  a  still  later  stage  in  the 
history  of  the  river  are  preserved  in  the  well-defined 
terrace  which  lies  north  and  west  of  Oroville.  The 
northward  and  westward  spread  of  these  later  sedi- 
ments was  impeded  by  the  barrier  of  the  Campbell 
Hills.  Further  uplifts  in  comparatively  recent  times 
have  allowed  the  present  streams  to  dissect  the  \'oung- 
est  deposits  of  the  Red  Bluff. 

The  Red  Bluff  Formation  at  its  type  locality  is  gen- 
eralh-  assigned  to  the  Pleistocene.  The  present  writer 
considers  the  deposits  at  Oroville  which  have  been 
mapped  at  Red  Bluff  to  be  largely  of  Pleistocene  age. 
It  is  possible  that  the  oldest  of  these  beds  date  back 
to  the  uppermost  Pliocene,  but  definite  evidence  in 
this  regard  is  lacking.  The  assignment  of  at  least  a  part 
of  the  Red  Bluff  in  the  Oroville  area  to  the  Pleistocene 
is  based  on  the  close  interrelationship  between  these 
deposits  and  the  later  stages  in  the  development  of  the 
Feather  River. 

Small  patches  of  stream-terrace  deposits  occur  well 
above  the  present  water  level  at  man\'  localities  in  the 
canyon  of  the  West  Branch.  It  is  likelv  that  many  of 
them  are  correlative  with  the  Red  Bluff  Formation 
mapped  near  Oroville.  An  interesting  occurrence  is 
that  near  Nelson  Bar  where  about  15  feet  of  gravel 
lie  more  than  50  feet  above  the  present  river  level. 
The  gravel  contains  waterworn  boulders  up  to  5  feet 
in  diameter  and  rests  on  a  potholed  bedrock  surface. 


Figure  48.  Foothills  southwest  of  Pentz.  Sloping 
surface  in  middle  distance  is  capped  by  old  fanglom- 
erate(?),  underlain  by  Chico  sondstone.  Ridges  and 
buttes  of  Tuscan  Formation  in  distance.  View  north- 
west. 
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Fonglomerate 

Alluvial  material,  much  of  it  consisting  of  debris 
from  the  "older  basalt"  on  Table  Mountain  and  from 
the  Tuscan  Formation  to  the  north  and  west,  has 
accumulated  on  fan-like  slopes  at  the  foot  of  the  west 
side  of  Table  .Mountain  and  westward  to  the  center 
of  the  quadrangle.  This  material  has  been  designated 
on  the  geologic  map  (PI.  1)  as  fanglomeratc. 

The  fanglomerate  near  Table  Mountain  consists  al- 
most wholly  of  subangular  pebbles,  cobbles,  and  boul- 
ders, up  to  1 8  inches  across,  of  the  "older  basalt".  The 
material  is  uncementcd  but  fairly  firm  and  in  places 
stands  in  vertical  banks  up  to  12  feet  in  height.  To- 
ward the  west,  the  proportion  of  debris  derived  from 
the  Tuscan  Formation  graduall>'  increa.scs.  Presumabl\- 
the  debris  of  the  "older  basalt"  has  been  derived  by 
fluviatile  processes  mainl>'  from  the  large  accumula- 
tion of  talus  and  landslides  at  the  edges  of  the  basalt 
flow,  while  the  Tuscan  detritus  has  been  added  from 
the  hills  and  ridges  w  hich  partl\-  border  the  fanglom- 
erate on  the  north. 

The  ma.ximum  thickness  of  fanglomeratc,  w  here  its 
base  is  actuall\-  exposed,  is  approximately  65  feet.  It  is 
expected  that  these  deposits  would  thin  out  or  inter- 
finger  with  normal  fiuviatilc  deposits  of  the  vallc\' 
within  a  relatively  short  distance  to  the  west  and  south. 
Slopes  on  the  surface  of  the  fanglomerate  are  generall\- 
steepest  near  Table  Mountain,  and  a  maximum  slope 
of  265  feet  per  mile  occurs  near  tiie  north  end  of 
Table  Mountain. 

The  fanglomerate  clearly  post-dates  tlic  Tuscan 
Formation  since  it  contains  detritus  dcri\  cd  from  the 
Tuscan  and  is  underlain  disconformably  by  the  Tuscan 
at  many  localities.  The  fanglomerate  has  been  dissected 
to  some  extent  b\-  the  present  streams  and  has  been 
parti\  buried  b\-  Recent  alluvium.  It  is  probable,  there- 
fore, that  at  least  a  part  of  the  fanglomerate  is  of 
Pleistocene,  rather  than  Recent,  age.  It  may  be  in 
part  contemporaneous  with  the  Red  Bluff  Formation 
mapped  in  the  vicinity  of  Oroville. 

Isolated  accumulations  of  coarse,  basaltic  debris 
overlie  Cretaceous  sandstone  just  southwest  of  Pentz. 
These  are  tentativel\-  designated  as  fanglomerate,  al- 
though the_\'  are  elevated  above  adjacent  fans.  They 
arc  thought  to  be  remnants  of  an  older  fanglomerate 
which  once  covered  a  much  larger  area  (Fig.  48). 

Alluvium 

The  term  Recent  alhn  ium  is  used  licic  to  co\cr  ail 
channel  and  flood  plain  sediments  which  arc  being 
deposited  b\-  the  present  streams,  or  w  hich  have  been 
recently  deposited  and  are  now  being  eroded  to  some 
extent.  Mf)st  of  the  southwestern  quarter  of  the  Oro- 
ville quadrangle  is  underlain  by  unconsolidated  sand, 
silt,  clay  and  gravel  of  the  flood  plain  of  the  Sacra- 
mento River  and  its  tributaries.  .Man_\'  of  the  larger 
streams  in  the  area,  such  as  Butte  Creek,  Clear  Creek, 


and  the  Feather  River  below  Oroville,  have  established 
narrow  flood  plains.  Fxceptions  are  the  West  Branch 
and  its  tributaries  and  the  Feather  River  above  the 
Oroville  Bridge;  these  streams  are  cut  in  bedrock,  but 
some  sand  and  gravel  has  accumulated  on  their  beds 
and  on  narrow-  beaches  and  bars.  The  only  sizable 
area  of  alluvium  on  any  of  the  tributaries  to  the  West 
Branch  is  that  along  the  upper  course  of  Hodapp 
Creek  at  Gold  Flat.  The  dovvncutting  by  this  stream 
has  failed  to  keep  pace  with  that  bv  the  West  Branch, 
so  that  while  the  lower  part  has  an  average  grade  of 
1600  feet  per  mile,  the  upper  course  has  a  grade  of 
onlv   135  feet  per  mile. 

Landslides 

.Most  of  the  landslides  mapped  in  tiic  area  are  rock- 
slides  and  rockfalls.  The  greatest  number  occur  at 
the  margins  of  the  "older  basalt"  on  I  able  .Mountain 
and  have  already  been  described.  Rockslides  also  occur 
in  the  area  underlain  by  the  Tuscan  Formation  and 
at  the  east  edge  of  the  quadrangle  near  Rock\'  Peak. 
Slumping  and  niudflow  arc  important  t\  pes  of  earth 
movement  in  the  loosel>'  consolidated,  cla\-rich  strata 
of  tlic  lone  Formation  and  the  "auriferous  gravels." 
Mucii  of  the  floor  of  the  Cherokee  mine  is  littered 
w  irii  debris  wiiich  has  slumped  or  slid  from  the  steep 
iiydraulic  faces  above   (Figs.  49,  50). 

Mine  and  Dredge  Tailings 

Large  parts  of  the  flood  plain  of  Burtc  Creek,  Little 
Butte  Creek,  and  the  Feather  River  (at  and  below 
Oroville)  are  littered  with  piles  of  boulders  and 
cobbles  from  dredging  operations.  The  flood  plain 
at  the  mouth  of  Sawmill  Ravine  is  covered  by  uncon- 
solidated quartz  sand  and  pebble  gravel  which  were 
washed  down  from  tiie  Ciierokce  hvdraulic  mine. 
High   piles   of   "greenstone"    boulders   and   cobbles- 


Figure   49.     Landslide   from   "auriferous  gravels".   West   (ace   of   Chcro 
koe    hydroulic    mine.    View    northwest. 
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waste  materials  from  mininii  ot  the  "greenstone 
gravel"— litter  the  door  of  the  cliaiinel  at  Cherokee 
(Fig.  21). 

STRUCTURE 

Like  other  parts  of  the  Sierra  Nevada,  the  Oroville 
quadrangle  is,  in  terms  of  geologic  structure,  a  region 
of  sharp  contrast.  The  "Superjacent  scries"  has  been 
affected  by  mild  upwarp  and  tilting,  but  the  bedrock 
terrane  has  been  subjected  to  intense  folding,  faulting, 
and  metamorphism.  Thus,  as  in  the  discussion  on  stra- 
tigraphw  it  will  be  convenient  to  treat  the  structural 
features  of  the  two  units  separately  In  order  to  avoid 
a  cumbersome  wording  of  certain  ideas,  the  writer 
will  use  the  term  Mesozoic  in  the  discussion  on  bed- 
rock structure  to  mean  onlv  those  Mesozoic  rocks 
which  are  a  part  of  the  bedrock  complex  of  the  Sierra. 
In  this  sense,  the  temi  Mesozoic  will  not  include  the 
Upper  Cretaceous  Chico  Formation,  which  is  part  of 
the  "Superjacent  series".  An  interpretation  of  the 
structural  features  of  the  area  is  graphicall\  presented 
in  the  structure  sections. 

"Bedrock  Series" 

The  structure  of  the  bedrock  terrane  is  dominated 
by  a  series  of  tightly  compressed,  in  part  overturned, 
folds.  Stratification  and  metamorphic  foliation  alike 
are  vertical  or  dip  steeply  toward  the  east  or  northeast. 
The  average  structural  trend  is  approximately  north- 
wcst  but  \arics  from  N  60'\\'  in  the  nortiiernmost 
outcrops  to  nearly  due  north  in  the  south  part  of  the 
area.  Two  faults,  presumably  reverse,  have  been 
mapped  in  the  southeast  portion  of  the  quadrangle. 

Folds.  Low-grade  metamorphism  and  the  isoclinal 
nature  of  the  folding  have  rendered  difficult  the 
recognition  of  folds  in  the  thick  section  of  Calaveras 
strata.  Therefore,  the  positions  shown  for  most  of  the 
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Figure   50.      Londslides    from    opposite    sides    of    Cherokee    hydraulic 
line   coalesced    in    Sawmill    Ravine.    View   south. 


folds  were  determined  largely  on  the  basis  of  apparent 
repetition  of  distinctive  rock  units,  augmented  to 
a  limited  degree  by  the  use  of  conventional  cri- 
teria for  the  determination  of  stratigraphic  sequence 
and  by  the  continuity  of  certain  stratigraphic  units 
around  anticlinal  noses  or  s\nclinal  troughs.  The  two 
largest  folds  thus  delineated  are  an  isoclinal,  over- 
turned s\ncline  and  an  isoclinal,  overturned  anticline 
lying  north  of  the  West  Branch.  Both  folds  are  slightly 
overturned  tow  ard  the  south.  These  folds  together  ex- 
pose all  of  the  thick  Calaveras  section  known  to  crop 
out  within  the  Oroville  quadrangle.  In  addition,  a  con- 
siderable section  of  schistose  metavolcanic  rocks  not 
included  in  the  Calaveras  by  the  writer  is  exposed  be- 
neath the  Calaveras  strata  on  the  overturned  north 
limb  of  the  syncline.  The  segment  of  exposed  bedrock 
in  the  northeastern  quarter  of  the  area  is  too  short  to 
obtain  an  accurate  estimate  of  the  amount  of  plunge 
of  the  two  northernmost  folds,  but  there  is  some  sug- 
gestion that  the  syncline  plunges  slightly  toward  the 
southeast.  However,  the  folds  involving  the  Pentz 
Sandstone  Member  just  south  of  Glover  Ridge 
definitely  show  steep  plunge  toward  the  southeast, 
perhaps  as  high  as  70  or  80  degrees.  No  reasonable  ex- 
planation can  be  offered  for  the  steep  plunge  of  these 
folds.  It  is  possible,  however,  that  their  configuration 
has  been  influenced  by  their  proximity  to  the  large  in- 
trusive (?)  body  of  basalt  porphyry  at  Glover  Ridge. 

Small-scale  folding,  directly  observable  in  the  field, 
occurs  in  the  older  bedrock  terrane.  In  the  northern 
part  of  the  area,  small  folds  in  the  unnamed  schistose 
metavolcanics  and  in  the  enclosed  metachert  have 
nearly  horizontal  axes.  Chlorite  schist  intercalated  with 
the  Calaveras  slate  near  Nelson  Bar  and  in  the  area  to 
the  southeast,  however,  shows  steeply  plunging  small- 
scale  folds. 

It  is  believed  that  the  initial  folding  of  the  Calaveras 
strata  took  place  prior  to  the  Nevadan  revolution 
(Upper  Jurassic),  probably  at  or  near  the  end  of  the 
Paleozoic.  Evidence  for  late  Paleozoic  orogenic  move- 
ments in  California  and  Oregon  has  been  summarized 
by  Eardley  (1947,  pp.  329-330).  Several  lines  of  evi- 
dence within  the  Oroville  quadrangle  suggesting  that 
such  movements  have  occurred  are  as  follows: 

(1)  The  contact  between  the  Jurassic  Oregon  City  Forma- 
tion and  the  underlying  Calaveras  strata  appears  to  be  a  marked 
angular  unconformit>-.  However,  it  is  considered  probable 
that  strong  orogenic  movements  related  to  the  Nevadan  revo- 
lution have  increased  the  angular  discrepancy  between  the  rsvo 
units,  and  that  the  contact  may  have  been  the  site  of  some 
displacement  at  that  time. 

(2)  The  basalt  porphyry  at  Glover  Ridge,  thought  to  be  a 
volcanic  plug  or  neck  intruded  during  the  deposition  of  the 
Oregon  City  p'ormation,  partly  transects  one  of  the  steep- 
plunging  folds  in  the  Calaveras  near  Pentz.  Here  again,  the 
folding  was  probably  intensified  at  the  time  of  the  Nevadan 
revolution,  but  the  lines  of  folding  appear  to  have  been  estab- 
lished prior  to  the  Nevadan. 
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(})  There  is  a  marked  difference  in  the  degree  of  meta- 
morphism  between  the  Calaveras  strata,  bearing  the  imprint 
of  low-grade  regional  mctamorpbism,  and  the  Mesozoic  rocks, 
only  slightly  metamorphosed  except  near  localized  zones  of  dis- 
placement. 

(4)  The  trend  of  folds  in  the  Oregon  City  Formation  docs 
not  conform  to  the  trend  of  folds  in  the  underlying  Calaveras, 
suggesting  that  the  trend  in  the  older  rocks  was  established 
prior  to  the  deposition  and  folding  of  the  \oungcr  strata. 

Perhaps  the  most  striking,  \ct  least  understood, 
structural  feature  in  the  area  is  the  Mesozoic-Paleo- 
zoic  contact  in  tlic  vicinit>'  of  Cherokee  and  Spring 
\'alle\  Gulch.  Because  of  the  heavy  accumulation  of 
talus  from  the  overlying  .Mesozoic  volcanics  which 
usuall\  obscures  the  relationships,  the  contact  can  be 
located  onl\'  u  ithin  rather  \\ide  limits.  It  is  clear,  how- 
ever, that  the  .Mesozoic  rocks  are  spatiall\-  above  the 
Calaveras  strata  at  all  points,  and  the  attitudes  available 
indicate  that  the\'  have  been  tightly  folded  along  axes 
which  strike  ncarl\-  due  north.  1  he  contact,  at  the 
few  localities  where  it  has  been  directly  observed, 
is  seen  to  be  steepl\-  dipping.  However,  the  elevation 
of  the  contact  does  not  appear  to  vary  with  topo- 
graphic relief  to  the  extent  \\  hich  might  be  expected 
if  the  folds  had  a  gentle  plunge,  .\ltcrnati\e  explana- 
tions for  these  relationships  might  be:  (1)  that  the 
folds  are  actuall\'  steeplv  plunging,  so  that  the  plan 
of  the  outcrops  more  nearl\'  approaches  a  true  cross- 
section  of  the  folds  than  would  a  section  drawn  in  a 
vertical  plane;  (2)  that,  because  of  masking  by  talus, 
the  rather  simple  overall  configuration  of  the  contact 
as  mapped  belies  the  complexit\'  of  existing  folds,  and 
the  .Mesozoic  has  actuall_\-  been  folded  into  a  tightl_\- 
appressed  series  of  small,  gently  plunging  folds;  or 
(3),  the  contact,  being  a  surface  of  division  between 
rather  incompetent  slates  and  chlorite  schists  below 
and  competent,  more  or  less  massive  volcanic  rocks 
above,  has  been  the  site  of  some  dislocation  which 
might  have  modified  the  original  trace  of  the  contact. 
The  writer  favors  this  third  idea,  although  none  of  the 
alternative  explanations  is  without  some  objection, 
and  it  may  well  be  that  no  one  of  them  alone  explains 
all  of  the  observed  features.  The  folds  in  the  .Mesozoic 
near  .Monte  dc  Oro  and  S\camore  Hill  do  not  appear 
to  be  steepl\'  plunging,  and  dips  as  low  as  10  degrees 
have  been  measured  on  their  axes.  Thus,  if  the  folds 
in  the  vicinity  of  Spring  Valley  Gulch  are  steeply 
plunging,  a  rapid  flattcning-out  of  plunge  must  occur 
in  the  intervening  area.  Unfortunateh',  structural  data 
on  the  intermediate  area  is  lacking,  due  largely  to  the 
massive  nature  of  the  coarse  pyroclastics  which  domi- 
nate the  .Mesozoic  section  there.  On  the  other  hand, 
the  presence  of  numerous,  tightly  appressed  but 
gently  plunging  folds  in  the  northern  area  seems  in- 
compatible with  the  rather  wide  spacing  of  folds  seen 
in  adjacent  parts  of  the  area.  Objections  to  the  alter- 
native of  dislocation  along  the  contact  would  be  the 
steep  dip  of  the  contact  wherever  it  has  been  ob- 
served directly,  and  the  lack  of  similar  features,  so 
far  as  known,  in  other  parts  of  the  Sierran  bedrock. 


Four  folds  occur  in  the  .Mesozoic  in  the  southern 
part  of  the  area.  These  are  best  exposed  along  the 
Feather  River  a  few  miles  north  and  east  of  Oroville. 
The  .Monte  de  Oro  Formation  crops  out  in  the  trough 
of  an  isoclinal,  overturned  synclinc,  called  the  .Monte 
de  Oro  s\nclinc.  The  anticlines  which  Hank  the  syn- 
cline  are  not  as  tightly  folded  and  show  a  gradual 
steepening  of  dip  away  from  their  respective  axes.  It 
is  probable  that  the  differences  observed  between 
these  folds  is  largel\'  a  function  of  the  relative  degree 
of  competenc>-  of  the  strata  involved.  It  is  suggested 
that  the  Monte  de  Oro,  because  of  its  relative  incom- 
petency, yielded  more  readily  to  folding  than  did  the 
more  competent  \()lcanics  of  the  Oregon  Cit\-  Forma- 
tion. 

Fmilts.  Onl\-  two  major  faults  were  mapped  in  the 
bedrock  terranc.  Both  occur  in  the  southeastern  part 
of  the  area.  The  largest  of  these  separates  the  unnamed 
Paleozoic  (?)  metavolcanics  at  the  east  edge  of  the 
quadrangle  from  the  Oregon  City  Formation  on  the 
west.  It  trends  more  or  less  due  north,  but  north  of 
the  High  Rocks,  it  turns  north-nf)rtheast  and  passes 
out  of  the  area.  The  apparent  movement  is  dip-slip, 
with  the  east  side  thrown  upward  against  the  west 
side.  The  east  flank  of  the  anticline  which  lies  adja- 
cent to  the  Monte  de  Oro  belt  has  been  partly  cut  off 
by  the  fault,  so  that  the  Monte  dc  Oro  beds  arc  not 
repeated  in  any  syncline  King  east  of  the  anticline. 
The  configuration  of  the  trace  suggests  that  the  fault 
is  nearly  vertical  or  dips  steeply  to  the  east,  and  is 
thus  probably  a  high  angle  reverse  fault. 

A  second  fault  lies  at  the  east  edge  of  the  Monte 
de  Oro  s>ncline  and  transgresses  the  s_\nclinal  axis  to 
the  south.  The  trace  of  the  fault  and  the  adjacent 
stratigraphic  relations  suggest  that  it  is  a  reverse  fault 
which  dips  steeply  toward  the  east.  Near  .Monte  de 
Oro,  the  fault  parallels  the  bedding  and  forms  the  con- 
tact between  the  .Monte  de  Oro  and  Oregon  City 
rocks.  To  the  south,  the  fault  cuts  across  bedding  in 
both  units  and  transects  the  axis  of  the  syncline  at  such 
an  angle  that  oucrops  of  the  Monte  de  Oro  are  cntirel\' 
cut  out  a  short  distance  .south  of  the  Feather  River. 
The  trace  of  the  fault  was  not  recognized  south  of  that 
point,  due  largel\-  to  poor  exposure  and  to  close  simi- 
larity of  lithology  on  either  side  of  the  fault. 

Some  displacement  of  apparently  small  magnitude 
has  occurred  along  certain  of  the  mineralized  veins 
which  are  common  throughout  the  bedrock  area. 
However,  with  the  exception  of  the  several  deposits 
which  lie  near  the  east  edge  of  the  .Monte  de  Oro 
belt,  definite  indications  of  major  faults  in  conjunction 
with  these  were  not  found.  It  is  also  quite  probable 
that  some  faulting,  perhaps  of  large  magnitude,  has 
occurred  along  certain  of  the  lines  now  marked  by 
ultrabasic  intrusions  in  the  northeastern  part  of  the 
area,  but  because  of  the  more  or  less  concordant  na- 
ture of  these  intrusions,  definite  evidence  of  major 
faulting  was  not  found.  '' 
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All  of  tlie  folds  ami  faults  involving  the  Mesozoic 
bedrock  in  this  area  are  attributed  to  the  Ncvadan 
orogeny,  which  profoundly-  affected  the  entire  region 
of  the  Sierra  Nevada  during  the  Late  Jurassic  (Talia- 
ferro, 1942,  pp.  95-105).  To  what  extent  the  struc- 
tures seen  in  the  pre-Mesozoic  rocks  have  been  in- 
fluenced by  the  Nevadan  orogeny  is  not  certain,  how- 
ever. The  writer  iias  suggested  that  at  least  the  lines 
of  the  present  folds  in  the  older  bedrock  terrane  were 
established  before  deposition  of  the  Jurassic  Ore- 
gon Cit>'  Formation.  It  is  probable,  however,  that 
such  folds  were  intensified  during  the  Nevadan. 

"Superjacent  Series" 

The  profound  angular  unconformity  at  the  base  of 
the  "Superjacent  series"  is  the  dominant  structural  fea- 
ture of  the  area,  since  it  marks  the  division  between 
the  low-dipping  Upper  Cretaceous  and  Cenozoic  rocks 
and  the  steep-dipping  or  vertical  bedrock  structures. 
The  "Superjacent  series"  is  essentially  a  group  of  very 
low-dipping,  nearl\-  flat-lying  strata.  The  regional  dip 
is  not  over  2  or  ji  degrees  in  a  general  southw  est  direc- 
tion. Although  no  folds  were  mapped  in  the  "Super- 
jacent" strata,  local  irregularities  and  dips  up  to  15 
degrees  have  been  measured.  However,  it  is  more 
likely  that  these  discrepancies  are  related  to  such  fea- 
tures as  cross-bedding,  initial  dip,  and  slumping  than  to 
any  actual  tectonic  causes.  Slumping  is  especially 
likel\-  in  the  clayey,  barely  consolidated  Eocene  sedi- 
ments. A  fairly  consistent  regional  attitude  is  shown 
by  the  top  of  the  "older  basalt"  on  Table  Mountain. 
The  strike  varies  from  N  20°  VV  to  N  25°  W  and 
the  dip  from  1°  36'  to  2°  18'.  Consistent  attitudes  were 
also  measured  in  the  Tuscan  Formation  through  the 
determination  of  elevations  at  various  points  on  cer- 
tain beds  of  tuff-breccia. 

The  onI\-  faults  known  to  involve  the  "Superjacent 
series"  within  the  area  are  seen  along  Clark  Road, 
several  miles  north  of  the  junction  with  Durham  Road. 
There,  several  small  normal  faults,  with  displacement 
amounting  to  but  a  few  feet,  cut  the  Tuscan  beds. 
In  every  case,  the  north  side  is  upthrown  (Fig.  46). 
Evidence  of  movements  in  fairly  recent  times  is  pro- 
vided by  an  exposure  which  lies  near  the  Oroville- 
Forbestovvn  highway,  just  off  the  east  edge  of  the 
quadrangle.  There,  a  vertical  fault  has  thrown  bed- 
rock, on  the  east  side,  up  against  barely  consolidated 
stream  deposits  of  the  Red  Bluff  Formation,  on  the 
west  side.  The  stratigraphic  displacement  is  at  least  6 
feet. 

GEOLOGIC  HISTORY 

The  sequence  of  recorded  geologic  events  in  the 
area  of  study  began  with  the  deposition,  probably 
during  the  late  Paleozoic,  of  basic  lava  flows,  ash  and 
volcanic  sand.  Still  later  in  the  late  Paleozoic,  the  re- 


gion was  part  of  the  Cordillcran  marine  geosyncline. 
As  the  belt  subsided,  over  10,000  feet  of  alernating 
organic  mud,  sand,  gravel,  and  large  quantities  of  basic 
to  intermediate  fragmental  volcanic  material  and  lava 
rapidl\'  nccunuiiatcd.  Most  of  these  sediments  and  vol- 
canics  came  from  a  tectonicall)'  active  source  which 
lay  to  the  west.  Not  infrecjucntly  in  the  subsiding 
basin,  conditions  were  favorable  to  the  local  accumu- 
lation of  bedded  chert  and  limestone.  A  few  thin  flows 
of  dacitic  lava  were  erupted  during  the  deposition. 
Sills  and  dikes  of  ultrabasic  and  basic  plutonic  rocks 
may  have  been  intruded  into  the  strata  at  this  time.  At 
or  near  the  close  of  the  Paleozoic,  sedimentation  and 
volcanism  were  terminated  with  the  collapse  of  the 
geosyncline.  The  sediments  and  volcanics  were  folded 
and  were  probably  slightl\-  metamorphosed.  Some  plu- 
tonic intrusions  of  rather  limited  extent  may  have 
been  emplaced  at  this  time.  The  evidence  available 
indicates  that  the  area  was  then  uplifted  and  subjected 
to  considerable  erosion. 

The  sea  apparently  did  not  again  enter  the  region 
until  the  earl\-  part  of  the  Middle  Jurassic.  Deposition 
in  the  Middle  (?)  Jurassic  sea  commenced  with  the 
volcanic  eruption  of  large  quantities  of  basaltic  and 
andesitic  mudflow,  ash,  and  lava,  and  the  accumulation 
of  sand  and  coarse  gravel  which  were  rev^orked  di- 
rectK'  from  the  newly  erupted  volcanics.  At  least 
3,200  feet  of  volcanic  rocks  and  interbedded  sediments 
were  thus  deposited.  What  may  have  been  one  of  the 
ancient  eruptive  centers  lies  in  the  northeastern  part 
of  the  area,  where  it  has  been  exposed  by  long-con- 
tinued erosion.  Others  may  be  covered  by  later 
deposits. 

As  volcanism  finally  waned,  deposition  of  normal 
detritus  became  increasingly  important.  Over  1300 
feet  of  Middle  Jurassic  sediments— sand,  coarse  gravel, 
and  carbonaceous  mud— were  eroded  from  a  heavily 
forested  western  landmass  and  deposited  in  shallow 
marine  waters.  Much  of  the  terrane  exposed  to  erosion 
at  this  time  probably  consisted  of  the  folded  and 
metamorphosed  rocks  of  the  old  Upper  Paleozoic  geo- 
syncline. Although  only  the  Middle  Jurassic  rocks  are 
now  represented  in  the  Oroville  quadrangle,  sedimen- 
tation and  volcanism  in  or  near  the  region  probably 
continued  into  Late  Jurassic  time. 

Well  before  the  end  of  the  Late  Jurassic,  there  was 
severe  diastrophism  which  affected  the  entire  region 
now  occupied  by  the  Sierra  Nevada.  The  Mesozoic 
sediments  and  volcanics,  as  well  as  the  underlying 
Paleozoic  rocks,  were  tightly  folded  and  overturned, 
broken  by  faults,  and  metamorphosed.  Great  batho- 
liths  of  granodiorite  and  related  rocks  were  in- 
truded in  nearby  regions,  and  some  small  hypabyssal 
dikes  were  injected  into  the  rocks  of  the  immediate 
area.  As  a  result  of  this  diastrophism,  known  as  the 
Nevadan  revolution,  the  ancestral  Sierra  Nevada  was 
uplifted  and  subjected  to  erosion,  while  the  western 
land  mass,  which  had  furnished  the  sedimentary  and 
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volcanic  material  to  the  Mcsozoic  sea,  was  depressed 
and  itself  invaded  b\-  marine  waters. 

The  nc\\  i\  formed  mountains  of  the  region  were 
gradual!)'  uorn  doun  b\-  various  erosive  agencies.  It 
was  nor  until  the  l.arc  Cretaceous  that  shallow  marine 
waters  inund.ued  the  area  from  the  west.  Sand  and 
minor  quantities  of  mud  and  gravel  were  slowly  car- 
ried from  a  low  l\ing  landniass  into  the  transgressing 
Cretaceous  sea.  The  sediments  were  shifted  ahout  and 
sorted  b\'  currents  as  they  graduaiix  piled  up  against 
a  west-sloping  bedrock  surface.  Unlike  the  marine  dep- 
osition of  earlier  periods  in  the  region,  this  accumu- 
lation of  sediments  was  unattended  by  volcanism. 
Nearly  4000  feet  of  scdiiucnts  accumulated  w  itliin  tlu- 
area  before  broad  uplift  at  or  near  the  end  of  Cre- 
taceous time  forced  the  sea  to  withdraw .  Mild  erosion 
of  the  recently  deposited  strata  occurred  after  their 
emergence. 

During  middle  Eocene  time,  shallow  seas  trans- 
gressed upon  a  rather  low  -l\ing  landmass.  The  climate 
had  become  nuich  warmer,  and  dense  vegetation  cov- 
ered most  of  the  emergent  parts  of  the  area.  Erosion 
and  deposition  were  not  markedl\'  active.  Thin  de- 
posits of  mud  and  sand  accumulated.  On  land,  in  re- 
sponse to  humid  tropical  or  subtropical  cliiuatic  contli- 
tions  and  a  thick  cover  of  vegetation,  chciuical  dcca\ 
of  the  bedrock  was  intensified.  Stripping  of  the  sur- 
face by  normal  erosive  processes  did  not  keep  up  with 
the  chemical  weathering  and  eventually  a  deep  mantle 
of  decayed  rock  materials  blanketed  much  of  the  re- 
gion. Only  the  minerals  stai)le  under  these  conditions 
survived  the  w  eathering,  w  bile  the  less  stable  minerals 
were  converted  to  hydrous  aluminum  silicates.  Minor 
uplift  and  possibly  some  local  emergence  occurred. 
The  streams  of  the  period,  which  w  ere  flow  ing  west- 
ward toward  the  sea,  were  rejuvenated  to  some  extent. 
Increased  erosion  resulted,  and  stripping  of  the  prod- 
ucts of  deep  chemical  decay  commenced.  Much  of  the 
finer  grained  material  found  its  way  to  the  ocean, 
where  sand,  cla\',  and  some  gravel  and  carbonaceous 
matter  accumulated  to  form  deltas,  while  coarser  sedi- 
ments were  deposited  in  the  channels  and  on  adjacent 
flood  plains  of  the  w  estw  ard  flow  ing  streams.  Swamps 
covering  small  areas  may  have  coiue  into  existence 
from  time  to  time  in  the  region.  The  shore  line  was  ill- 
defined  and  shifted  about  frequentl\-.  Deposition  was 
sporadically  interrupted  ft)r  short  periods  of  time,  per- 
haps in  response  to  luinor  uplifts.  In  time,  less  dcepis' 
weathered  parts  of  the  bedrock  were  exposed  and  ero- 
sion in  general  slackened.  The  corresponding  sedi- 
ments reflect  these  changes. 

Deposition  was  largely  teriuinatcd  1)\'  uplifts  \\  hich 
forced  withdrawal  of  the  sea  and  caused  some  erosion 
of  previously  deposited  strata.  Marine  sediments  were 
deposited  in  late  Eocene  or  early  Oligocenc  time  in  an 
area  K)  or  40  miles  to  the  south,  but  any  contempora- 
neous sediments  in  the  present  area  probably  accuuui- 
lated  under  ntjnmarine  conditions. 


By  Miocene  time,  a  gently  sloping,  locallv  irregu- 
lar surface  had  been  foriued  in  the  region.  V^ast 
quantities  of  fragmental  andesite  were  erupted  from 
centers  which  lay  in  elevated  areas  far  to  the  east. 
These  eruptions  represented  the  later  phase  of  a  vol- 
canic cycle  which  began  with  the  expulsion  of  ih\()- 
lite.  .Muilflows.  formed  from  the  andcsitic  debris  and 
accompanied  bv  volcanic  sand  and  gravel,  reached  the 
area  and  filled  an>'  depressions  which  were  present  in 
the  existing  topography.  During  this  volcanic  period, 
a  flow  of  basaltic  la\a,  poured  out  perhaps  from  a 
fissure  to  the  north  or  east,  inundated  a  large  part  of 
the  area.  .More  andesitic  debris  covered  the  basalt  in 
the  region  to  the  east,  but  is  not  known  to  have 
reached  the  present  area  as  well. 

.•\  period  of  uplift  and  erosion  followed  the  vol- 
canism. .Much  of  the  basalt  and  the  underl\ing  strata 
in  the  northern  part  of  the  area  were  degraded  b\' 
small  streams  of  rather  high  gradient  which  flowed 
southw estward.  Coarse  debris  of  these  rocks  was  de- 
posited on  a  broad  flood  plain  which  lay  west  of  the 
elevated  region.  In  late  Pliocene  time,  the  explosive 
eruption  of  a  small  amount  of  acidic  ash  was  closely 
followed  b\-  the  influx  from  the  north  of  enormous 
quantities  of  basaltic  and  andesitic  debris.  Much  of 
this  material  reached  the  area  in  the  foriu  of  thick, 
higiily  mobile  volcanic  mudflows,  but  the  majority  of 
it  was  deposited  from  debris-laden  streams  as  volcanic 
sands  and  gravels.  The  lateral  spread  of  all  hut  the 
latest  of  these  deposits  was  limited  on  the  east  1)>'  a 
series  of  bedrock  ridges  which  stood  above  the  vol- 
canic flood  plain. 

B\-  earl\-  Pleistocene  time,  the  Feather  River  had 
established  a  course  which  occupied  more  or  less  the 
same  position  as  does  the  present  stream.  Where  the 
ancient  river  left  the  foothills  of  the  range  and  flowed 
out  into  the  Sacramento  \'alley,  thereby  losing  some 
confinement,  coarse  gravels  were  deposited  on  a  flood 
plain  adjacent  to  the  river.  With  further  uplifts  of  the 
region,  the  river  was  able  to  downcut  the  earlier 
gravels  and  to  deposit  coarse  gravel  at  successively 
lower  positions.  In  response  to  these  same  uplifts,  deep 
can\()ns  were  cut  upon  the  late  Pliocene  \-olcanic 
plain  and  upon  the  bedrock  terrane  to  the  east,  while 
coarse  debris  accumulated  at  the  lower  elevations  on 
alluvial  fans.  .Minor  uplifts  continued  into  fairly  recent 
times  and  have  slightly  rejuvenated  man\-  of  the 
streams. 

MINERAL  RESOURCES 

The  present  writer  made  no  sjiecial  study  of  the 
mineral  deposits  of  the  area  except  as  was  incidental 
to  the  geologic  mapping.  The  mines  and  mineral  re- 
sources of  Butte  County  have  been  described  in  man\- 
reports  of  the  State  Mineralogist  and,  more  lately,  the 
State  Division  of  .Mines.  The  latest  report  is  that  b\' 
O'Brien  (1949),  and  the  reader  is  referred  tt)  this  pub- 
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licarion  tor  ;i  dctiiilcd  and  comprehensive  account  of 
tlic  mining  indiistr\-  in  the  area.  Altliough  there  is 
ahundant  c\  idcncc  of  former  activit\-  within  the  Oro- 
vilic  quadrangle,  at  onl\-  a  few  properties  is  mining 
actually  in  progress.  Most  of  tlie  inactive  mines  or 
prospects  have  apparently  heen  abandoned,  and  under- 
ground workings,  for  the  most  part,  have  been  allowed 
to  cave. 

The  chief  mineral  produced  in  the  area  was  gold, 
both  as  placer  and  as  vein  deposits.  Placer  methods  in- 
cluded underground  work,  h\draulicking,  dredging, 
and  various  small-scale  surface  metiiods,  sucii  as  pan- 
ning and  sluicing.  With  the  exception  of  the  Tuscan 
Formation,  all  of  the  post-bedrock  formations  contain- 
ing an\-  large  proportion  of  conglomerate  or  gravel 
have  been  worked  or  prospected  for  gold.  An  inter- 
esting b\-product  of  placer  gold  mining  in  tlie  area 
was  diamond,  and  more  diamonds  have  been  found 
in  Butte  Count\-  than  in  any  other  county  in  the  state. 
All  of  the  vein  deposits  occur  in  the  bedrock  terrane, 
and  much  of  the  bedrock  area  is  dotted  \\  ith  shallow 
prospect  pits  or  adits. 

Prospects  for  chromite  have  been  opened  in  several 
of  the  larger  serpentine  bodies  in  the  area.  Many  of 
the  larger  limestone  bodies  in  the  Calaveras  Formation 
have  been  worked,  and  parts  of  old  kilns  still  stand  at 
a  few  of  these. 

Clay  has  been  worked  in  the  lone  Formation  near 
Wicks  Corner,  and  beds  of  what  appears  to  be  unpros- 
pected,  high-quality  clay  occur  in  several  parts  of  the 
lone  and  "auriferous  gravels".  Low-grade  coal  was 
reportedly  mined  at  an  early  date  from  the  lone  For- 
mation in  Coal  Can\-on. 

Several  operators  presentl)'  produce  sand  and  gravel 
for  local  use  from  the  flood  plain  of  Sawmill  Ravine 
and  Dr\'  Creek.  At  many  places,  these  streams  have 
been  aggraded  to  a  depth  of  several  feet  by  tailings 
washed  down  from  the  Cherokee  hydraulic  mine. 

There  has  been  no  noteworthy  commercial  produc- 
tion of  building  stone  in  the  area,  although  the  ruins 
of  se\eral  old  buildings  at  Cherokee  are  constructed 
from  the  local  "greenstone".  Road  metal  for  local  use 
has  been  taken  intermittently  by  the  County  from  the 
long  belt  of  serpentine  near  Gold  Flat.  Much  of  the 
"iron  crust"  found  at  the  Cherokee  hydraulic  mine 
could  probably  be  utilized  as  ornamental  stone,  but, 
so  far  as  the  writer  is  aware,  no  attempt  to  extract  it 
in  commercial  quantities  has  been  made. 

No  petroleum  has  been  produced  commercially  in 
the  Oroville  quadrangle,  although  two  gas  fields— the 
Durham  field  and  the  Chico  field— lie  less  than  10  miles 
west  of  the  western  border  of  the  quadrangle.  The 
Chico  gas  field  produces  from  the  Upper  Cretaceous, 
while  the  Durham  field  derives  its  gas  from  the  Don- 
ahoe  sand,  a  subsurface  member  of  the  Capay  shale.  A 
shallow  well  is  supposed  to  have  been  drilled  many 
years  ago  a  short  distance  northwest  of  the  Campbell 


Hills,  but  the  writer  has  been  unable  to  obtain  any 
reliable  data  in  this  regard.  Presumably,  however,  no 
production  was  obtained.  Two  dry  holes  were  drilled 
in  the  X'alley  near  the  edge  of  the  foothills  in  mid- 
195.?.  One,  Cherokee  Oil  Compan\'s  Openshaw  No.  1 
(sec.  },  T.  20  N.,  R.  }  E.),  had  a  total  depth  of  934 
feet  and  bottomed  in  the  Upper  Cretaceous.  The  sec- 
ond. Humble  Oil  and  Refining  Conipan\'s  S.F.  Brown 
L't  al  Xo.  1  (sec.  27,  T.  20  N.,  R.  .?  E.)'was  drilled  to 
14.30  feet  and  also  bottomed  in  the  Upper  Cretaceous. 
In  the  opinion  of  the  writer,  the  most  favorable  sites 
for  the  entrapment  of  gas  (or  oil)  in  the  quadrangle 
would  probably  be  in  the  Cretaceous  sediments  which 
are  truncated  up-dip  by  the  sloping  bedrock  surface 
below  and  by  Tertiar\-  strata  above.  Lateral  closure 
might  he  effected  by  local  irregularities  in  the  bed- 
rock surface  or  by  faults  or  folds  unrecognized  at  the 
surface. 
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APPENDIX   A 

LIST  OF  MEGAFOSSIL   LOCALITIES 
OROVILLE  QUADRANGLE   (Ed.  of  1944) 

University  of 
Locality  California 

Number  on        Museum  of 
geologic        Paleontology 
mop  (PI.  1}      Locality  no.  Description  of  locolity 

CALAVERAS   FORMATION 

1  B-1507  Dork   groy   limestone    in    lenticular    body    1000'   long;    about    ^3    mile    ESE    from 

Parish  Camp  and  just  W.  of  west  branch  of  Feather  River  where  the  latter 
makes  a  sharp  90  turn  to  the  eost.  Elev.  800'.  N'iSW'4  sec.  17,  T.  21  N., 
R.  4  E.,  M.D.B.M. 

CHICO   FORMATION 

4  A-9443  Hard,  lime-cemented  sandstone.   Bonk  of  small  gutly  250    N.  of   Pentz-Durhom 

Rd.,  and  2375'  due  W.  from  junction  of  that  rood  with  Pentz-Oroville  Rd. 
Elev.   490'.   NW'4NW'4  sec.   25,  T.  21    N.,  R.  3   E.,  M.D  B.M. 

5  A.9444  Soft,   buff   sondstone.   Some   gully   as   locality    no.    1.   250'   S.   of   Pentz-Durhom 

Rd.,  and  2500'  S  76^7/  from  junction  of  thot  rood  with  Penlz-Orovllle  Rd. 
Elev.  475'.   NW'4NW'4  sec.  25,  T.  21   N.,   R.  3  E.,  M.D.B.M. 

6  B-1245  Hord,    lime-cemented    conglomerate.    Gully    flowing    S.    on    S.    side    of    Sausage 

Mtn.  5900'  N  1 1'W  from  B.M.  393.  SW'4  sec.  24,  T.  21  N.,  R.  3  E.,  M.D.B.M. 
Elev.  575'. 

7  B-1246  Hard,    lime-cemented    sandstone.    Gully    near    W.    edge    of    sec.    31,    T.    21     N, 

R.  4   E.,  M.D.B.M.   4850'  S  46^E  from   B.M.   393.   Elev.  550'. 

8  B-1247  Hord,    lime-cemented    sandstone.    In    bed    of    gully    just    above    locality    no.    7. 

9  B-1248  Soft   buff   sandstone.    Some   gully   as    locality    no.   7.    NW'4    sec.    31,    T.   21    N., 

R.  4  E.,  M.D.B.M.  5000'  S  46'E  from  B.M.  393,  Elev.  600'. 

10  B-1249  Hard,    lime<emented    sondstone.    Just   above    abandoned    ditch    on    N.    side    of 

gully.  5150'  S  31-E  from  B.M.  393.  SE'4  sec.  36,  T.  21  N.,  R.  3  E.  M.D.B.M. 
Elev.  500'. 

11  B-1250  Hard,     lime-cemented    sandstone    (float).     East-flowing     gully     in     hills     SW    of 

Pentz.   1650'  N  48°W  from   B.M.   393.   Elev.  475'.  SW'4  sec.  25,  T.  21    N.,  R. 

3  E.,  M.D.B.M. 

"DRY   CREEK"   FORMATION 

2  White  to  orange-stoined,  friable,  pebbly,  argillaceous  sandstone.  East  bonk 
of  small  gully  at  base  of  south  side  of  South  Table  Mountain.  4400'  N 
21  °E   from    Butte    County    Hospital.    Elev.    375'.    N'2NE'4    sec.    6,    T.    19    N.,    R. 

4  E.,  M.D.B.M. 

3  Light  gray  cloystone.  Roodcut  on  old  county  road  from  Oroville-Pentz  high- 
way to  Cherokee.  Elev.  625'.  6600'  S  28°E  from  B.M.  393.  Near  W.  edge 
of  SW'4SW'4   sec.  31,  T.  21   N.,  R.  4  E.,  M.D  B.M. 
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APPENDIX  B 

LIST  OF  PLANT  FOSSIL   LOCALITIES 
OROVILLE  QUADRANGLE  {Ed.  of  1944) 

locality  number 
on  geologic 
map  (PI,  1)  Description  of  locality 

"AURIFEROUS   GRAVELS" 

12  Reddish-brown,  thin,  platy,  ferruginous  siltstone,  overlying  2'  lens  of  gray  shale.  Near  base 
of  Tertiary  section  on  south  bonk  of  tributary  to  Sawmill  Ravine.  1550'  S.  5  W  from 
Sugarloaf.   Elev.    1250'.   S.   edge   of   NW'4   sec.   33,   T.   21    N.,   R.    4    E.,   M.D.B.M. 

13  Groy,  sandy  shole-portings  near  base  of  buff,  cross-bedded  sandstone.  15'  "^  strati- 
grophicolly  below  bose  of  "older  basolf"  at  main  west  face  of  Cherokee  hydraulic  mine. 
(See  measured  strottgraphic  section,  appendix  C).  2600'  S  75  'W  from  Sugarloaf.  Elev. 
1400'.   Near   center   of    NE'4    sec.    32,   T.   21    N.,  .R.   4    E.,   M.D.B.M. 

lONE   (?)   FORMATION 

14  Pinkish-tan,  punky  shole.  Just  above  top  of  talus  slope  on  small  hydraulic  face  adjacent 
to   pond   in   SE'4   sec.    19,   T.   21    N.,   R.   4   E.,   M.D.B.M. 
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APPENDIX   C 

MEASURED  STRATIGRAPHIC   SECTION  OF   "AURIFEROUS  GRAVELS" 
AND  RELATED  UNITS  AT  CHEROKEE  MINE 

(Section    measured   on    west    foce    of    mine    at    point    approximately    2500    feet    southwest    from    Sugorloaf    by 
O.  E.  Bowen  and  Mort  D.  Turner,  Collfornio  Stote  Division  of  Mines,  and  the  writer) 

Thiclcnesi 
8ose  of  secfion:  in  feet 

(\)     Bedrock:   Oregon    City   Formation    ("greenstone");    slightly    metamorphosed    tuff,    tuff-breccia, 
volcanic    sandstone    and    conglomerate    of    Mesozoic    age;    deeply    weolhered    locally 
-   PROFOUND    ANGULAR    UNCONFORMITY   AND    DISCONFORMITY    - 

(2)  "Dry  Creek"  (?)  Formotion:  sandstone,  shale,  claystone,  minor  lignite;  thin  bedded  olternat- 
ing  succession:  light-groy  to  white,  thin-bedded,  fine-grained,  angular  groined,  fairly  well- 
sorted,  frioble,  argilloceous  micaceous  (biotite,  kaolinite)  quartz  sondstone  with  thin 
clay-shale  portings  and  scattered  fossil  plont  fragments  (grasses);  dark  gray  to  dark  tan, 
firm  micaceous  (abundant  kaolinite)  clay'shale;  gray  to  light  gray,  massive,  locally  shaly, 
firm,   compact,    even-textured,   slightly    micaceous    claystone.    Very    local    distribution    because 

of    disconformable    position    on    bedrock  0-  6 

-  CONFORMITY?  - 
"Atjnferous  gravels": 

(3)  Sandstone  and  conglomerate,  interbedded,  opproximote  ratio  of  2:1;  cut-ond-fill,  cross- 
bedding  common;  few  thin  beds  of  slltstone;  white  to  light  gray  (locally  orange  or  pale 
lavender  stain),  thin-  to  thick -bedded,  moderately  well-sorted  (size),  fine-  to  very  coarse- 
grained, angular-grained,  extremely  friable  to  firm,  orgillaceous  (in  port),  koolinitic  (to 
biotitic  at  top)  quartz  sandstone;  white,  crudely  bedded,  friable,  fairly  well -sorted  (size) 
pebble  conglomerate  (pebbles  well-rounded  to  sub  rounded  and  consist  of  white  quartz 
[50-90%],  chert  [10-50%],  and  white  claystone  [0-20%];  matrix  is  prominent  to  pre- 
dominant and    is   identical   to   sandstone   described    above);    grades    into    overlying    unit  1 55 

(4)  Sandstone,  white  to  pole  buff,  thin-bedded  and  cross-bedded,  fine-  to  medium-grained, 
angular-grained,  poorly  sorted  (size),  friable,  firm,  argillaceous,  biotitic  (with  minor 
kaolinite),  quartzose;  some  pebbly  beds;  green  clay-partings  near  base;  tends  to  form 
verticol  bank . 6-  8 

-  DISCONFORMITY  - 

(5)  Siltstone,    light    yellowish-ton    with    reddish-brown    streaks,    thin-bedded,    clayey,    hard    and 

firm,    micaceous    (kooltnite) .-- - 3-5 

-  SHARP  CONTACT  - 

(6)  Claystone,  mottled  brick-red  or  pale  yellow-tan  with  grayish  white  or  bluish-groy  to  solid 
brick-red,   massive,   firm,   plastic,   slightly  sandy;    unit   thickens   to    north  42  + 

-  DISCONFORMITY   - 

(7)  Sandstone  alternating  with  minor  siltstone;  light  gray  to  buff,  thin-bedded  and  cross- 
bedded,  friable,  medium-grained,  angular-grained,  very  silty,  biotitic  quartz  sandstone; 
pebbles  of  claystone  locally  abundant;  minor  beds  of  light  gray,  thin-bedded,  biotitic 
siltstone   and   thin   beds  of   quortz-chert-cloystone-pebble    conglomerate    near    base;    tends   to 

form     vertical     bluff  14-22 

-  DISCONFORMITY   - 

(8)  Siltstone,    orongeyellow    to    reddish-brown,    thin-bedded,    sandy    and    clayey,    firm;    grades 

into    overlying    unit  _ 15-23 

(9)  Claystone,  mottled  oronge-brown  and  light  gray,  massive,  soft,  slightly  silty,  grading  up 
into  yellow  claystone,  grading  up  into  dark  gray,  plastic  claystone  interbedded  with 
grayish-ton  to  dork  gray,  silty,  micaceous,  locally  sandy,  plant-bearing  (carbonized) 
clay-shale;    may    be    grodational    with    overlying    unit  _  .  35 

(10)  Claystone,  mottled  yellow  and  gray,  grading  up  into  light-gray,  soft,  shaly,  clayey, 
micaceous  siltstone,  grading  up  into  gray,  soft,  slightly  silty  and  micaceous  (biotite),  plant- 
bearing   cloy-shole;   may    be   gradotional    with   overlying    unit..„ „ 33 

(11)  Claystone,    blue   or    mottled    blue-gray    and    red  -. 6 

(12)  Sandstone,  greenish-brown  to  dark  olive,  massive,  friable,  very  poorly  sorted,  fine-  to 
medium-grained,    angular-groined,    argillaceous,    biotitic,    quartzose    (many    flakes    of    biotite 

are    3    or    4    mm    across) 11 

(13)  Claystone,    dork    gray    (weathering    to    light   gray),    massive,    compact,    soft,    silty;    present 

only     locally - 0-22 

Maximum   total   thickness  of   "auriferous   gravels" 352 

-  DISCONFORMITY   - 
Unnamed  Eocene  (?)  beds: 

(14)  Sandstone,  light  buff  with  orange  streoks,  thin-bedded  and  cross-bedded,  extremely 
frioble,  fine-  to  medium-groined,  angular-groined,  quartzose,  with  certain  laminae  rich 
in  "blocksand"  (hornblende,  magnetite);  thin  portings  of  dark-gray,  sandy,  firm,  micaceous 
(biotite),  fossil  leaf -bearing  (see  locality  no.  13,  appendix  B)  clay-shale,  and  lenses,  up 
to  2  feet  thick,  of  light  gray,  massive,  sandy,  clayey,  compact  and  firm,  biotitic  siltstone; 
sondstone  at  base  contains  abundant  pebbles  of  cloystone  Identical  to  that  of  under- 
lying   unit.   Present   only   locally  0-15 

-  SLIGHT  ANGULAR   UNCONFORMITY  - 

(15)  "Older    basalt":    ongulor   basaltic    rubble „ 200^ 
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